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p.    72.  In  legend,  for  onc-sixty-lhousandth  read  onc-six-thoiisandth. 

p.    '.12.  In  title  of  legend,  at  end  read  "in  1007." 

p.  1U7.  In  line  11  from  bottom,  for  retina  read  pupil. 

p.  li;i.  In  line  (i  from  top,  for  August,  12  read  August,  2. 

p.  157.  In  line  3  from  top,  for  America  read  Spain. 

p.  167.  In  legend,  for  157  read  158. 

p.  185.  The  photograph  at  top  oj  page  is  reversed  right  and  lejt. 

p.  194.  Table  of  dates.  A  transit  of  Mercury  will  not  occur  in  1937,  but 
theie  will  be  transits  in  1957  May  5,  and  1993  November  5. 

p.  212.  In  line  12  from  bottom,  for  S121\,  Sin5\,  S12n  read  8  121i 
S,in5\.  8,121'..  '  '  '  ■        -• 

p.  251.  Title  of  illustration  is: — "Path  of  the  Earth's  centre  durin<; 
the  lunar  month." 

p.  3R1.  In  line  8  delete  the  words  "iv  Instructor  Captain  Ainslie  and 
Mr.  Kniglil,"  and  insert  them  in  the  bottom  line  of  p.  :i(>8 
after  "observations." 

p.   111.      In  legend,  for  urbitary  read  cumelary: 
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Splendour  of  the   Heavens 


Pholo  by] 

THE    OI,D    OBSICRXATORY    AT    PEKING. 
Viewed  from  the  Walls  of  the  Tartar  City. 

Ancient  peoples  found  that  a  practical  acquaintance  with  the  elements  of  Astronomy  was  indispensable  to  the  conduct  of 
human  life.  Having  no  clocks  they  regarded  the  face  of  the  Sky.  Egyptians,  Babylonians,  and  Greeks  studied  the  stars 
thousands  of  years  ago.  The  Chinese  were  past-masters  in  the  art  of  reading  the  signs  of  the  Heavens.  Kublai  Khan, 
Emperor  of  China  in  1216,  greatly  patronised  the  study  of  Astronomy.  He  built  an  Observatory  at  Peking  which  he 
equipped  with  many  important  astronomical  instruments.     The  Chinese  anticipated  by  at  least  three  centuries  some  of 

the  most  celebrated  inventions  of  Western  astronomers. 
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Introduction. 

HE  majesty  of  Nature  has  attracted  man  from  the  earliest  times.  Poets,  scientists 
and  philosophers  have  found  their  deepest  inspiration  in  the  composite  system  which  Nature 
displays.     The  poet  sings  her  beauty  : 


the  scientist  divines  her  secrets  :  the  philo- 
sopher proclaims  her  lessons.  Indeed,  she  is  the 
fountain-head  of  all  civilisation.  Mankind 
could  never  have  progressed  to  the  extSit 
that  it  has  done  were  it  not  for  the  generous 
amplitude  of  Nature  in  sustaining  the  physical, 
mental  and  moral  development  of  the  human 
race. 

In  this  work  a  novel  departure  has  been 
made  from  the  traditional  method  of  studying 
Nature  in  the  most  fascinating  of  her  aspects. 
Its  aim  is  to  present  in  a  clear  and  intelligible 
manner  the  present  state  of  our  knowledge  of 
the  heavens.  The  science  of  Astronomy  has 
developed  from  a  few  scattered  observations 
of  the  heavenly  bodies  to  be  one  of  very  great 
dimensions,  fuU  of  complicated  technicalities 
and  mathematical  formulae.  It  is  no  wonder 
that  to  "  the  man  in  the  street  "  it  has  hitherto 
remained  an  impenetrable  fortress,  fit  only  for 
specialists  to  enter.  Up  till  the  present  day 
no  attempt  has  been  made  on  the  scale  here 
presented  to  set  before  the  ordinary  man  a 
clear-cut  and  at  the  same  time  comprehensive 
exposition  of  the  subject  in  a  way  that  will 


NICHOLAS  COPERNICUS 
(1473—1543). 
Modern  Astronomical  Science  owes  much  to  Copernicus.  The 
question  :  "  Does  the  Earth  move  ?  "  he  set  himself  to  answer. 
He  taught  the  principle  of  the  Earth's  revolution  round  the 
Sun — a  principle  which  was  later  developed  by  Kepler, 
Newton,  and  other  celebrated  astronomers. 
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not  only  hold  his  in- 
cnthu^iasm  for  a  study 
tarried  in  making 
Mankind  in  general  has 
of  Astronomy,  the 
stars  in  the  heavens. 
to  purify  and  elevate 
astronomical  studies. 
Sciences  "  possesses  in 
splendrous  robes  a 
which  runs  throughout 
empire  over  which  she 
made  the  courtesy,  no 
of  her  distinguished 
monument  to  her  com- 
has  been  able  to 
grateful  and  lifelong 
felt  a  privilege  to 
In  this  venture  the 
sought  and  readily 
most  eminent  Astrono- 
their  exf)erience  and 
knowledge  of  celestial 
work  under  a  deep  debt 
gladly  acknowledged, 
contribution     in     this 


GAI^ILEO 
(1564—1642). 
Galileo's  "glazed  optic  tube"  was  the  forerunner  of  the 
modem  telescope.  The  instrument  was  not  actually  invented 
by  him,  but  he  was  the  first  to  apply  it  to  the  systematic 
study  of  the  Heavens.  The  discoveries  he  made  with  it 
greatly  strengthened  the  Copemican  view  of  the  Solar  System. 


t  crest,  but  fire  his 
which  the  world  has 
accessible  to  him. 
but  a  very  vague  idea 
science  of  the  glittering 
Nothing  is  so  calculated 
the  mind  of  man  as 
"  The  Queen  of  all  the 
every  thread  of  her 
mystery  and  delicacy 
the  vast  extent  of  the 
reigns.  Once  having 
one — and  the  long  line 
disciples  is  a  living 
p  e  1 1  i  n  g  attraction — 
resist  paying  her  the 
homage  which  it  is 
bestow. 

co-operation  has  been 
granted  of  some  of  our 
mers.  The  benefit  of 
their  accumulated 
phenomena  places  the 
of  gratitude  which  is 
The  chapters  under 
and  subsequent  parts 


of  the  work  have  been  specially  written  by  the  ablest  authorities  on  the  subject  for  the  sole  purpose 
of  spreading  a  knowledge  of  Astronomy  into  every  homestead  and  village,  town,  city  and  country 
of  the  world.  Of  its  kind  it  is  the  first  published  with  an  appeal  so  universal.  In  addition,  the 
resources  of  modem  telescopic,  photographic  and  spectroscopic  knowledge  have  been  utilised  in 
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O.M,II,EO    BEFORE    THE    PAPAI,    TRIBUNAI,. 


Itly  J.  V.  RolKTt  Henry. 


Galileo  Galilei  (1564-1042)  was  a  mathematician  and  astronomer  and  accepted  the  Copemican  theory.       Hislecturesat  Padua 
attracted  students  from  all  parts  of  Europe  ;   but  his  new  ideas  provoked  ecclesiastical  censure.     He  was  summoned  before  a 
papal  tribunal  in  1632  and  condemned  to  abjure  his  scientific  creed. 
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fly  ftrm^^um  o/\  ^    THEORY    OF    THE    MOON'S    FORMATION.  '^'  ^-  ^• 

The  problem  of  the  Moon's  origin  has  always  had  a  curious  fascination  for  astronomers.  It  is  highly  probable  that  the  Earth 
and  the  Moon  were  once  combined  in  one  and  the  same  body.  This  body  would  cool,  and,  as  it  contracted,  its  rate  of  rotation 
would  correspondingly  increase  until  the  Moon  was  thrown  into  space.  The  tides  would  act  as  a  drag  on  the  spinning  of  the 
Earth  and  this  loss  of  energy  would  be  transferred  to  the  Moon,  which  was  set  whirling  round  our  Globe  at  an  ever-increasing 

distance.     This  retreat  from  the  Earth  is  even  now  going  on. 


AN    ECLIPSE    OF    THE   SUN    AS    VIEWED    FROM    THE    MUON. 

When  we,  on  the  Earth,  see  the  Moon  eclipsed  wc  arc  watching  the  effect  of  our  own  shadow  thrown  out  into  space  by  the  Sun. 

An  observer  on  the  Moon  would  at  such  a  time  see  the  dark  Ixxly  of  the  Earth  passing  between  himself  and  the  Sun,  thus  cutting 

off  its  light.    The  atmosphere  of  the  Earth  would  appear  as  a  bright  reddish  ring,  lit  up  from  behind  by  the  Sun. 


splendour  of  the   Heavens 
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THE    EARTH    AS    A    DISC    IXOATING    IN    WATER. 
So  far  back  as  550  B.C.  the  philosopher  Pythagoras  and  his  pupils  spread  the  teaching  that  the 
Earth  was  not  a  disc  surrounded  by  water,  as  had  previously  been  believed,  but  a  globe  floating 
freely  in  space.    Mankind,  however,  had  not  yet  discerned  the  great  truth  that  the  Earth  turned 

on  its  own  axis. 


the  endeavour  to 
render  it  a  complete 
descriptive  and  il- 
lustrated narrative 
of  the  glorious 
achievements  of 
astronomical  re- 
search. 

On  a  starry 
night  we  gaze 
heavenwards  and 
view  the  wide  ex- 
panse of  sky  :  we 
linger  in  silent  con- 
templation of  the 
immensity  of  the 
scene  which 
stretches  infinitely 
above  us.  What 
emotions  rush 
uppermost  in  our 
souls !  We  are 
filled  first  with  won- 
der at  it  all :  then 
the     impulse    to 

know  its  why  and  wherefore  is  succeeded  by  a  feeling  of  admiration  and  reverence  for  the 
work  which  the  hand  of  a  Supreme  Master  has  fashioned.  At  each  stage  in  our  view  the 
questions  arise  : 
How  and  Why? 
Whence  and 
Whither  ?  "  There 
are  two  things," 
says  Immanuel 
Kant, "  that  ever  fill 
me  with  new  and 
growing  admiration , 
the  moral  law  within 
me  and  the  starry 
heavens  above  me." 
The  search  after 
truth,  whether  it 
be  moral  truth  or 
scientific  truth, bears 
its  own  fruits  and 
brings  its  own  dis- 
coveries. In  this 
gloriotis  adventure 
man  is  sustained 
in  the  depths  of 
despair  by  the  hope 
of     tasting     some- 


«.  Si.fl—.  ...■ 


A  MEDI.EVAI.  ASTRONOMER  IN  HIS  STUDY. 
There  was  nothing  as  good  as  a  modern  spy-glass  at  the  disposal  of  the  ancient  astrouumer. 
Observations  of  celestial  phenomena  were  made  with  the  naked  eye  alone,  and  whatever 
instruments  were  in  use  to  assist  particular  investigations  were  quite  unfitted  for  precise 
observations.  But  the  foundation  of  the  marvellous  structure  of  astronomical  science  was 
laid  by  these  ancient  spade  workers. 


«  Splendour  of  the   Heavens 

thing  of  its  richness.     Is  there  conceivable,  midst  the  welter  of  human  strivings,  a  hner  quest  and 
a  more  ennobling  stud\^  than  that  which  the  science  of  Astronomy  provides  ? 

Prehistoric  man  studied  the  heavens  as  an  indispensable  condition  of  daily  life.  The  stars  were 
the  almanacs  of  uncivilised  peoples.  Partly  by  virtue  of  its  practical  necessity  it  came  about  that 
Astronomy'  was  the  first-born  of  all  the  sciences.  The  stars  were  studied  by  the  Chinese  thousands  of 
years  ago :  the  Egj'ptians,  Babylonians,  Greeks,  in  turn  attempted  to  solve  the  riddle  of  the  Universe. 
Pythagoras  taught  his  pupils  that  the  Earth  was  a  globe  and  not  a  disc  surrounded  by  water.  At  so 
early  a  date  in  the  development  of  the  science  as  134  B.C.  Hipparchus  compiled  a  catalogue  of  1,080 


SIR    ISAAC    NEWTON 
(1642—1726). 

From  his  earliest  days  Sir  Isaac  Newtou  was  engaged  in  all  kinds  of  mechanical  operations,  constructing  with  rude  tools  wind- 
mills, water-clocks,  sun-dials,  etc.  He  is  famed  for  his  epoch-making  discovery  of  the  Law  of  Gravitation.  This  principle 
— which  he  is  popularly  supposed  to  have  deduced  from  the  fall  of  an  apple  from  a  tree — he  extended  to  the- heavenly  bodies, 
which  he  saw  were  kept  revolving  in  the  sky  as  a  result  of  the  self-same  force.  He  discovered  the  composite  nature  of  white 
light  and  introduced  improvements  in  the  construction  of  telescopes. 


stars.  The  "  Almagest  "  of  Ptolemy  was  based  on  the  doctrine  of  a  stationary  Earth,  around  which 
the  Sun  and  Moon  and  the  planets  revolved  as  subsidiary  and  attendant  bodies.  Before  the  invention 
of  the  telescope  leading  up  to  the  giant  instruments  of  our  own  day  and  the  magnificent  discoveries 
in  photography  and  spectroscopj' — the  full  advantages  of  which  we  are  reaping  for  the  first  time 
in  this  work — the  naked  eye  was  the  sole  register  of  celestial  i  anifestations.  Speculation,  largely 
held  the  field  till  the  16th  century,  when  the  ingenious  but  mistaken  doctrine  of  Ptolemy  was 
displaced  by  the  more  simple  explanations  of  Copernicus,  who  taught  the  principle  of  the  Earth's 
rotation  and  revolution.     But  Kepler  was  the  real  founder  of  modern  Astronomy,  since  he  developed 
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AX    I1L\GIXARY    VIEW    ON    MERCURY,    THE    SCORCHED-UP    WORLD. 

Mercury  is,  of  all  the-  planets,  the  nearest  to  the  Sun.  It  forms,  with  Venus,  the  Earth  and  Mars,  a  group  of  "  terrestrial 
planets,"  so  called  because  all  resemble  our  Globe  approximately  in  size  and  general  characteristics.  It  seems  to  have 
little,  if  any,  atmosphere — as  is  proved  by  its  aspect  when  passing  between  us  and  the  Sun.  The  intense  heat  of  the  latter 

must  render  life,  as  we  know  it,  impossible  on  Mercury. 


Photo  by]  [The  Yerkes  ObserviUorv. 

THE    GREAT    NEBUI^A    IN    THE    COXSTEI,I,ATION    OF    ORION. 
This  great  mass  of  hazy  greenish  light  is  one  of  the  most  wonderful  objects  in  the  Heavens.    It  is  composed  of  at  least  three 
different  gases,  one  of  which,  though  common  in  the  Heavens,  is  unknown  on  the  Earth.    It  has  been  conjectured  that  stars 
may  one  day  be  formed  by  condensation  of  these  gases,  but  no  change  has  been  detected  in  the  Nebula  in  the  short  time  (40 
years)  that  it  has  tcin  accurately  studied.    A  photograph  shows  much  more  of  this  and  all  Nebulae  than  the  eye  is  able  to  see 

even  with  the  help  of  the  largest  instruments. 


Splendour  of  the  Heavens 


MISS  CAROI^INE  HERSCHEL. 
Catoline  Herschel  rendered  invaluable  assistance  to  her 
brother,  Sir  William  Herschel.  She  prepared  charts  for  him, 
and  after  his  death  laboured  to  prepare  his  observations  of 
nebulae  and  clusters  for  publication.  Her  work  during  her 
brother's  life- time  Wcis  largely  clerical,  and  she  would  take 
down  his  observations  as  he  made  them  at  the  telescope. 
She  found  time,  however,  to  do  some  observing,  and  herself 
discovered  eight  comets. 


and  enthusiasm  difficult  to  rival  or 
surpass.  Everyone  has  a  chance  to 
make  discoveries  even  at  this  day. 
The  naked  eye  is  capable  of  gauging 
numberless  points  of  interest  and 
instruction  in  the  vast  panorama  of 
heavenly  objects.  As  to  instruments, 
a  binocular  or  a  small  inexpensive 
hand  telescope  is  all  that  is  necessary. 
Persistent  watching  can  still  discover 
many  things  and  the  amateur  is 
justified  in  nursing  the  not  unreason- 
able ambition  of  doing  some  service 
for  astronomical  science  and  acquiring 
a  little  well-earned  fame.  For  change 
is  the  very  essence  of  celestial  pheno- 
mena ;  and  imagination  rightly  exer- 
cised is  the  best  guide  to  the  aspiring 
astronomer. 

Have  you  ever  pondered  the 
mysteries  of  the  Solar  System  ?  Aris- 
totle tells  us  that  the  physicists  of  old 
believed  that  the  Sun  was  conveyed  by 
night  across  the  northern  regions  to 
be  in  time  to  rise  iii  the  cast  ne.xt 
morning,  and  darkness  was  due  to 
lofty  mountains  screening  off  the 
sunbeams  during  the  voyage.    Eclipses 


in  detail  the  generalities  of  the  Copernican 
theory.  When  in  the  course  of  this  work  we  are 
introduced  to  the  magnificent  achievements  of 
Tycho  Brahe,  Kepler,  Galileo,  Newton,  Laplace, 
the  Herschels  and  many  great  modern  Astrono- 
mers, it  will  be  evident  how  tremendous  is  the 
progress  that  has  been  attained  and  how  impelling 
and  fascinating  the  grandeur  of  the  discoveries. 
.\bsolutely  beyond  the  wildest  dreams  of  the 
ancients  is  this  ediiice  of  knowledge  of  the 
heavens  which  the  intelligence  of  man  has  built 
up.  The  instruments  which  he  has  slowly 
evolved  multiply  a  thousandfold  the  vision  of 
the  naked  eye. 

In  this  great  march  towards  victory  over  the 
cosmos,  women  have  taken  a  prominent  place. 
The  Duchess  Louise  of  Gotha,  Caroline  Herschel, 
Lady  Huggins  and  others  stand  out  pre-eminently. 
And  in  modern  times  particularly  American 
women  are  foremost  in  the  interest  they  exhibit 
in  the  study  of  the  sky. 

The  study  of  stellar  evolution  brings  a  pleasure 


^no:o  oy]  /: .   ,\  .  A  . 

THE  EINSTEIN  TOWER. 
This  unusual  form  of  Observatory,  first  tried  in  America,  contains  a  large 
telescope  permanently  fixed  in  a  vertical  position  ;  hence  the  height  of  the 
Tower.  Such  a  telescope  is  very  rigid  and  free  from  disturbing  currents  of 
air,  which  renders  it  specially  suitable  for  the  extremely  refined  observations 
necessary  for  the  testing  of  the  great  theory,  known  as  Einstein's  "  Theory 
of  Relativity."    The  light  of  the  stars  is  directed  down  the  telescope  by 

great  mirrors  moved  b\'  clockwork. 
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SIR  WILLIAM  HERSCHEI, 
(1738-1822). 
Sir  William  Herschel  was  the  greatest  observer  of  the 
eighteenth  century.  In  his  early  days  as  a  poor  music 
master  he  devoted  his  few  spare  hours  to  his  hobby. 
Unable,  through  poverty,  to  buy  a  telescope,  he  set 
himself  to  make  one,  and  he  ultimately  constructed  his 
giant  40-foot  telescope  at  Slough,  near  Windsor.  He 
discovered  the  planet  Uranus,  and  laid  the  foundations 

of  modern  sidereal  astronomy. 

ment  proceed  upwards  ad  infinitum  ?  How  do 
we  know  that  in  the  stellai  universe  as  a  whole 
the  Sun  is  but  a  speck  ?  More  than  a  million 
Earths  could  find  a  home  in  the  Sun  and  yet 
at  least  1,000  million  such  suns  have  actually 
been  photographed  by  our  modern  telescopes 
and  doubtless  many  more  remain  to  be  revealed. 

This  is  an  instance  sufficiently  powerful  to 
impress  us  with  the  insignificant  part  allotted 
our  Earth  in  cosmic  evolution.  Indeed,  the 
Earth  is  comparable  only  to  a  snowflake  driven 
by  the  roaring  storm  which  mingles  it  in  one 
grand  chaos.  At  best  it  is  a  drop  in  the  vast 
ocean  of  worlds.  We  live  on  a  planet  continually 
whirling  and  poised  without  visible  support  in 
«pace.  Our  nearest  neighbour  is  the  Moon, 
which  is  only  240,000  miles  away.  The  distance 
of  the  Earth  from  the  Sun  is  about  93,000,000 
miles.  That  of  the  nearest  of  the  stars  is 
25,000,000,000,000  miles  !  How  are  we  enabled 
to  measure  these  distanc;^  and  how  are  we 
assured  of  their  accuracy  ? 

These  and  other  questions  will  be  answered 
in  the  course  of  this  work.  Everyone  knows 
that  the  Sun  is  the  source  of  all  the  heat  and 
light  which  we  on  this  Earth  enjoy,  and  it  is  the 
fundamental     condition     of     our     continuous 


of  the  Sun  and  other  celestial  phenomena,  we  read, 
struck  terror  into  savages  ;  and  we  know  that  the 
priests  of  primitive  times  made  this  ignorance  and 
fear  of  uncivilised  tribes  a  pretext  for  gain  and 
undue  advantage.  Many  of  our  most  cherished 
superstitions  are  connected  with  the  "  Twelve 
Signs  of  the  Zodiac  "  ;  and  yet  how  flimsy  and 
unreasoned  these  superstitions  apf)ear  once  a 
little  knowledge  of  the  stars  has  been  acquired. 
Indeed,  it  was  once  fancifully  suggested  that  the 
stars  were  golden  nails  driven  deep  into  the  crystal 
of  the  heavenly  dome.  It  was  never  realised  that 
the  rigid  peace  of  the  heavens  was  only  apparent. 
And  what  of  our  Mother  Earth  which  was  for  so 
long  believed  to  be  flat  ? 

The  Sim  is  the  centre  of  the  Solar  System.  By 
virtue  of  its  immense  gravitative  power  it  holds  the 
planets  revolving  round  it  in  space.  These  bodies, 
including  the  Earth,  move  through  space  with 
velocities  truly  stupendous.  But  whence  does  the 
Sun  derive  this  tremendous  power  of  attraction  ? 
Is  it  in  turn  attracted  and  held  in  space  by  a  still 
more  powerful  sun  or  suns,  and  does  this  arrange- 


JAMES  BRADLEY 
(1693-1762). 
Bradley  succeeded  Halley  as  Astronomer  Royal.  Some 
accidental  observations  made  in  a  boat  on  the  Thames  gave 
him  the  clue  to  his  explanation  of  a  puzzling  annual  dis- 
placement of  the  stars,  which  he  communicated  to  the  Royal 
Society  in  1729.  This,  with  his  discovery  of  a  particular 
movement  of  the  Earth's  axis,  was  an  indispensable  prelimin- 
ary to  accuracy  in  fixing  the  places  of  the  heavenly  bodici. 
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SATURN. 

The  planet  Saturn  is  distinguished  by  the  possession  of  a  unique  set  of  appendages,  which  take  the  form  of  several  concentric  rings. 
There  is  nothing  else  quite  like  thtm  in  the  Heavens.  They  are  known  to  be  composed  of  myriads  of  separate  particles  whose  exact 
size  is  not  known.  Two,  at  least,  of  the  rings  are  partly  transparent  and  stars  have  been  seen  through  them  as  through  a  veil.  The 
black  circular  line  in  the  picture  represents  a  permanent  fissure  or  gap  between  the  two  main  rings.     I<ike  Jupiter,  the   globe  of  Saturn 

occasionally  betrays  interna!  tumults  bj-  eruptions  of  spots. 


Drmwni  [gy  Allan  Utiniart. 

HALLEY'S    COMET    IN    1066. 

In  mcdiseval  times  superstition  associated  the  appearance  of  great  comets  with  terrestrial  disasters  and  calamities.     A  splendid 

camct  appeared  in  the  year  of  the  Xorraan  Conquest  and  the  Saxon  inhabitants  of  this  land  cannot  have  failed  to  connect  the  two 

events.     In  those  far-off  days  the  laws  governing  the  movement  of  comets  were  quite  unknown. 
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existence  on  this  planet.  Were  the  Sun 
suddenly  to  lose  its  radiative  powers, 
animal  and  other  life  on  this  Earth  would 
become  extinct.  Whether  some  such  fate 
is  to  be  the  ultimate  end  of  the  Solar  System 
has  been  an  open  question  for  centuries 
and  it  still  remains  open.  Yet  it  is 
sufficiently  established  that  the  Sun  is  pot  a 
solid  body  like  our  planet,  but  a  semi- 
gaseous  globe  radiating  a  fierce  heat, 
albeit  with  less  force  than  characterised  its 
action  millions  of  years  ago.  It  contains 
hydrogen,  sodium,  iron,  magnesium,  and 
other  elements,  all  in  the  form  of  gas. 
It  hcLS  been  calculated  that  it  would  take 
tens  of  thousands  of  years  for  the  Sun  to 
shrink  even  a  particle  of  its  present  extent : 
and  still  the  heat  which  the  Earth  derives 
from  the  Sun  would  be  in  no  wise  sensibly 
diminished.  So  far  as  human  intelligence 
can  see,  the  Solar  System  will  have  a 
continuous  existence  for  millions  of  years 
to  come. 

Again,  let  us  consider  the  question 
from  the  standpoint  of  the  Moon.  Plane- 
tary globes  grow  old  through  the  gradual 
wastage  of  heat.  The  Moon  would  seem 
to  represent  the  condition  which  all  will 
reach  in  the  distant  future.  What,  then, 
of  the  other  members  of  the  stellar  uni- 
verse ?  To  what  purpose,  indeed,  its 
exquisite  balance  and  self-regulating 
faculty,  this  divine  mechanism  with  its 
compensatory  springs  ?  But  the  conclu- 
sions of  science  in  this  connection  are 
sensibly  hazy.  We  cannot  satisfactorily 
premise  a  given  state  and  at  the  saine  time 
be  certain  that  it  is  really  going  to  happen. 
We  persist  in  the  faith  of  our  fathers  and 
place  implicit  trust  in  the  everlastingness 
of  created  things  :  that  if  death  intervenes 
life  is  always  being  created.  "  The  old 
order  changeth,  yielding  place  to  the  new  " 
expresses  for  us  a  deep-rooted  and  ineradic- 
able conviction  which  man  cannot  wil- 
lingly let  die. 

It  is,  however,  generally  agreed  that 
"  the  world  was  once  a  fluid  haze  of  light." 
How  it  came  about  that  the  constituent 
bodies   of    our  Solar    System    were    set 


HAI^LEY'S    COMET    IN    1910. 

This  time  the  same  comet  had  a  very  different  reception.  Halley,  at 
the  end  of  the  Seventeenth  Century,  had  shown  that  this  body  was 
periodic  in  its  visits  to  our  vicinity,  returning  every  75  years  or  so. 
Since  his  time  it  has  been  seen  at  every  visit.  At  its  last  return  in  1910 
it  was  not  well  seen  in  England,  but  our  photograph,  taken  at  Johannes- 
burg, shows  that  it  was  a  magnificent  object  to  Southern  observers. 
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TYCHO  BRAHfi 
(1564-1601). 
The  worl;  of  Tycho  may  be  said  to  mark  thtj  conlmeiicement 
of  the  era"  of  exact  astronomy.  He  was  by  far  the  most 
accuiate  of  the  pre-telescopic  observers.  Frederick  II. 
of  Denmark  made  him  a  grant  of  an  islet  in  the  Sound, 
where  he  built  a  mansion  and  erected  magnificent 
instruments,  which  he  used  with  consummate  skill.  It 
was  on  Tycho's  exact  observations  that  Kepler  based  his 
famous  laws  of  planetary  motion . 

to  be  the  most  distant  planet ;  but  the  exist- 
ence of  at  least  three  trans-Neptunian  planets 
has  been  conjectured  by  some  astronomers. 
At  all  events,  it  seems  to  be  the  case  that  the 
boundaries  of  our  System  are  yet  only  pro- 
visionally fixed.  The  time  and  manner  of 
its  formation  are  alike  uncertain.  If  the  Sun 
is  now  a  shrunken  body  compared  to  the 
vast  dimensions  of  its  structure  long  ago,  we 
may  believe  there  was  a  time  when  no  planets 
existed  and  all  were  swallowed  up  in  a 
sphere  which  extended  beyond  the  limits  of 
our  System  as  at  piesent  known.  According 
to  the  famous  theory  of  Laplace,  the  latter 
began  as  a  "  nebula,"  a  mass  of  gaseous 
materials  which  was  somehow  set  in  whirling 
motion.  Progressive  condensation  of  this 
distended  body  would  exercise  a  quickening 
influence  upon  its  rotational  movement  until 
fragments  of  its  substance  in  the  form  of 
rings  were  successively  whirled  from  off  the 
parent  body  to  condense  later  into  the  planets. 


wheeling  in  the  void  is  a  question  which  we  find 
more  difficult  to  answer  than  our  predecessors 
with  their  limited  knowledge  supposed.  How  was 
the  Earth-Moon  system  formed  ?  It  may  be  that 
in  ages  beyond  human  visualisation  the  Earth  and 
the  Moon  constituted  one  fluid  or  plastic  mass, 
but  through  rapid  rotation  a  portion  became  de- 
tached and  was  whirled  into  space  to  form  the  Moon. 
The  history  of  the  planetary  system  is  truly 
an  absorbing  study.  Greek  mythology  and  poetry 
abound  in  allegorical  references  to  the  planets. 
Mercury,  Venus,  Mars,  Jupiter  and  Saturn  have 
been  known  from  time  immemorial.  The  orbit  of 
Saturn  marked  the  boundary  of  the  Solar  System 
as  known  to  the  ancients,  Uranus  and  Neptune 
being  discovered  comparatively  late  in  the  history 
of  Astronomy.    Neptune  is  in  our  own  day  supposed 


kepli:k 

(1571-16;io;. 
Kepler  is  the  real  founder  of  modern  astronomical  theory.  He 
was  a  pupil  of  Tycho  Brahc  and  came  into  possession  of  the  latter's 
whole  collection  of  observations  of  the  planet  Mars  ;  and  from 
additional  investigations  he  disclosed,  by  geometrical  proof,  the 
harmonious  plan  upon  which  our  System  is  ordered.  His  Three 
Laws  as  to  the  paths  of  the  planets  constitute  his  most  notable 
achievement.  The  full  import  of  these  laws  was  first  perceived  by 
Newton,  who  showed  that  they  were  a  necessary  consequence  of  the 
I,aw  of  Gravitation. 
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It  was  further  suggested  that  repetitions  of  this  process  in  the  case  of  the  embryo  planets  resulted 
in  the  birth  of  their  satellites. 

More  recently  difficulties  have  been  raised  which  render  this  famous  theory  untenable  so  far, 
at  any  rate,  as  our  System  is  concerned,  and  some  other  attempts  to  find  the  key  to  the  process  followed 
in  the  evolution  of  Sun  and  Planets  will  be  described  in  the  course  of  this  work. 

The  present  physical  condition  of  the  bodies  constituting  the  Solar  System  has  always  been  a  source  of 
absorbing  interest,  though  still  in  part  conjectural.  The  power  of  the  modern  telescope  has  proVed  con- 
clusively that  there  are  tremendous  disturbances  within  the  Sun's  compass.  All  that  we  know  of  their 
action  is  what  we  can  discover  about  the  prominences  and  Sun-spots  which  take  shape  and  sf>eedily 
change  in  form.  The  much  nearer  position  of  the  Moon  to  the  Earth  has  enabled  us  to  distinguish  many 
features  bearing  a  certain  similarity  to  objects  on  the  surface  of  our  own  planet.  In  particular  Mars 
has  been  carefully  mapped  out  into  areas,  hj'pothetically  regarded  as  land  and  water,  to  which  very 
bizarre  names  have  been  given.     But  great  controversy  rages  over  the  configuration  of  this  planet. 


Falls  of  large  Meteorites  are  sometimes  accompanied  by  terrific  explosions  and  sharp  reports  that  can  be  heard  for  many  miles- 
around ,  often  causing  the  ground  to  shake  as  in  an  earthquake.  The  origin  of  Meteorites  is  not  definitely  known,  but  it  has  fteem 
observed  that  they  travel  along  the  same  paths  as  certain  comets,  of  which  they  may  have  once  formed  a  part.  The  Williamettw 
Iron  Meteorite,  weighing  16J  tons,  was  found  lying  in  a  forest  at  Williamette,  Oregon,  U.S.A.,  but  was  not  deeply  buried. 

These  considerations  give  rise  to  the  question  :  are  the  heavenly  bodies  peopled  ?  Though  this 
is  a  problem  which  we  cannot  definitely  solve,  it  is  at  all  events  quite  possible  that  one  or  more  of 
the  planets  contain  living  beings  in  some  respects  comparable  to  ourselves.  It  is  hardly  beyond 
the  limits  of  reasonable  conjecture  that  the  peoples  of  other  planets  may  be  pursuing  investigations 
of  a  like  character  to  our  own  astronomical  studies.  The  Earth  may  be  a  source  of  peTennial  interest, 
to  the  inhabitants  of  another  world,  and  for  all  that  we  know  they  may  be  in  a  far  more  progressive 
stage  of  civilisation  than  we  are,  and  their  discoveries  of  the  wonders  of  the  universe  such  as  we  shaUi 
not  attain  in  the  next  thousand  years. 

Comets,  like  eclipses  of  the  Sun,  instilled  feelings  of  profound  dismay  into  the  peoples  of  old,  who 
thought  they  were  the  manifestations  of  the  Divine  wrath  for  sins  which  required  inunediate  expiation. 
Many  of  these  comets  have  "  tails  "  ;  and  they  present  a  brilliant  spectacle  in  the  grand  silhouette  oi 


Ptofcoyj 
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A  faint  band  of  hazy  light  which  the  andeat  Mexicans  apUy  termed  "  the  sister  of  the  rainbow,"  spans  the  celestial  dome  and  extends  across 
Various  explanations  were  given  of  it  in  ancient  times,  but  to-day  we  know  its  radiance  to  be  due  to  the  presence  of  millions  of  stars,  dimmed 

opinion  that  it  marks  the  limit  of  the  visible  universe,  and  that  aa 


[E.  h.  ttarnard. 
WAY 

both  Northern  and  Southern  Hemispheres.  This  great  luminous  belt,  seen  at  its  best  on  a  clear  August  or  September  evening,  is  the  Milky  Way. 
awl  huddled  taeethei  by  their  vast  distance.  The  Milky  Way  encompasses  the  whole  of  our  stellar  system  ;  and  some  astronomers  arc  of 
immense  space,  empty  to  our  senses,  lies  on  the  farther  side  of  it. 
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the  heavens.  Photographs  of  cometary  displays  have  afforded  abundant  means  of  studying  their 
composition.  What  do  we  know  of  the  luminous  trails  of  shooting  stars,  the  result  of  brief  and  sudden 
contact  with  the  air  above  us  ?  What  explanation  can  we  adduce  for  the  showers  of  "  meteors  "  which 
fall  periodically  upon  the  Earth  from  the  sky,  apparently  from  nowhere  ? 

Now  let  us  peep  for  a  brief  moment  at  the  sidereal  system.  Strong  though  the  attraction  is  to  dwell 
thus  widely  upon  the  untold  wonders  of  the  sky,  the  interest  of  the  reader  will  be  aroused  to  a  still' 
greater  extent  than  the  space  of  this  Introduction  allows,  in  the  successive  parts  of  this  great  work. 
He  will  be  introduced  to  each  celestial  phenomenon  in  turn  ;  and  he  will  come  away  from  a  perusal  of 
the  complete  story  with  thrilling  emotions  and  with  his  mind  opened  wide  to  new  sensations  and. 
intellectual  pleasures  never  before  thought  possible  for  his  enjoyment. 

We  have  already  referred  to  the  picturesque  explanation  given  by  the  ancients  of  the  starry 


i'ainud  oy] 


Vovaston,  K.b.A.,  N.b.A. 


THE    ECLIPSE    OF    THE    SUN,    loth    JUNE,    TG3 
For  some  years  Assyria  had  been  passing  tlirougli  a  period  of  weakness.     Matters  reached  a  climax  in  763  B.C.,  when  the  total 


eclipse  of  the  Sun  was  taken  as  a  terrible  portent  of  the  wrath  of  the  gods.     Ashur-dan  III.  is  watching  the  eclipse, 
his  death  later  in  the  year,  and  the  country  was  given  over  to  civil  war  and  plague. 


He  met 


firmament.  It  is  the  great  distance  of  the  stars  from  the  Earth  which  makes  them  appear  stationary- 
points,  glittering  in  the  dusk.  Undoubtedly,  they  are  the  same  as  those  which  Columbus  saw  when 
he  peered  anxiously  for  the  desired  land  at  dead  of  night.  But  the  reader  will  be  astonished  to  hear- 
that  there  are  stars  in  the  heavens  which  move  through  space  at  thousands  of  miles  a  minute ;  and. 
yet  we  cannot  detect  their  motion  except  by  the  comparison  of  observations  made  at  considerable- 
intervals  of  time — usually  many  years.  To  all  intents  and  purposes  we  perceive  them  to  be  fixed.. 
The  number  of  stars  that  are  visible  to  the  naked  eye  is  very  limited,  though  they  appear  to  be: 
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In  the  Naval  Museum,  Greenwich  Hospital. 
SIR    FRANCIS    DRAKE'S    ASTROLABE. 
This  is  now  an  obsolete  astronomical   instrument.      It  was  used  for  taking  the  altitude  of   the  Sun  or  Stars,  and  for 
other  observations.     One  of  its  most  important  uses  was  in  navigation. 

innumerable.  It  does  not  exceed  the  number  of  inhabitants  in  a  small  town  ;  but  as  seen  through  a 
telescope,  or  better  still  on  photographs  of  the  milky  way,  the  richness  of  the  heavens  is  astonishing  ! 
In  reality  the  stars  are  majestic  suns  ;  and  the  average  distance  between  any  two  neighbouring  stars 
is  several  thousand  times  the  extent  of  the  Solar  System.  How  unimaginably  vast  is  the  universe  ! 
The  tremendous  gap  which  separates  us  from  the  stars  blinds  us  to  their  real  significance  in  the  heavens. 
Turn  centuries  into  seconds,  stellar  distances  into  arm's  lengths,  celestial  bodies  into  particles  of  dust, 


THE    NEBULA    IN    COMA. 

The  Nebula  in  Conia  consists  of  diffuse  matter  and  is  probably  in  an  early  stage  of  development,  containing  no  stars  as  yet. 

It  lies  on  the  borders  of  the  constellations  known  as  Virgo  and  Coma  Berenices.     The  dark  stripe  is  due  to  cooler  and  less 

luminous  matter  lying  on  the  outskirts  of  the  Nebula  and  hiding  from  us  some  of  the  bright  matter  nearer  the  centre. 

The  Nebula  is  really  shaped  somewhat  like  a  lens  with  its  edge  turned  nearly  towards  us. 
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and  the  Universe  would  show  the  stars  rushing  wildly  to  and  fro  in  ceaseless  turmoil,  some  vanishing 
into  utter  darkness,  and  others  suddenly  arising  from  nothingness  !  The  stars  are  in  every  stage  of 
growth,  coming  and  going  like  ourselves. 

Among  the  more  strikingly  beautiful  objects  in  the  stellar  universe  must  be  ranked  star  clusters 
and  nebulae.  It  is  impossible  to  contemplate  several  thousand  suns  massed  together  in  an  apparently 
small  region  in  space — and  sometimes  in  globular  form — without  wonder  as  to  the  origin  and  destiny 
of  such  systems.  The  more  faintly  luminous  nebulae  are  best  studied  photographicaUy,  but  the 
famous  cloud  of  glowing  gas  in  the  sword  of  Orion  is  to  ordinary  telescopic  vision  perhaps  the  most 
mysterious  object  at  which  the  intelligent  observer  can  look.  Quite  different,  apparently,  in  physical 
constitution  and  distribution  as  well  as  in  form  from  objects  of  this  type,  are  the  spiral  nebulae,  but 


PMa  by)  {Gftenmiek  Obstrratory. 

SPOTS  ON  THE  SUN. 
These  were  observed  by  the  Chinese  thousands  of  years  ago,  but,  before  the  invention  of  the  telescope,  litUe  or  nothing  was 
known  of  them.  It  is  now  established  that  they  are  temporary  apertures  in  the  bright  surface  of  the  Sun  through  which  the 
comparaUvely  dark  interior  becomes  visible.  Many  of  them  are  large  enough  to  contain  the  whole  Earth  many  times  over, 
and  last  for  several  weeks,  during  which  they  are  constantly  changing  in  size  and  shape.  Sun-spots  are  usually  plentiful  at 
intervals  of  eleven  years  and  are  known  to  be  closely  associated  with  solar  electrical  or  magnetic  storms.  There  are  two  main 
features  in  a  Sun-spot — a  dark  nucleus  known  as  the  Umbra,  and  a  lighter  border,  the  Penumbra. 


here  again  we  depend  for  most  of  our  knowledge  of  them  on  telescope  and  sensitive  plate  working 
in  concert.  And  in  any  endeavour  to  unravel  the  secrets  of  the  past  and  account  for  the  birth 
of  suns  and  systems,  the  nebulae  of  both  kinds  have  probably  much  information  of  value  to  impart. 
They  are,  perhaps,  the  most  significant  objects  in  the  universe. 

Not  everyone  is  aware  that  our  eyes  derive  their  power  of  sight  from  an  external  source  ;  that 
it  is  due  to  the  properties  of  light,  whether  inherent  in  or  reflected  by  the  objects  we  observe. 
Light  gleaming  out  a  thousand  miles  away  is  almost  immediately  visible  to  the  eye,  for  it 
travels  at  the  rate  of  some  186,000  miles  per  second.  It  takes  only  IJ  seconds  to  reach  us 
from  the  Moon  and  8^  minutes  to  come  to  Earth  from  the  Sun.    The    telescope,    camera    and 


By  permiiston  of)  [L,h.A,, 

BETELGEUSE:    ONE    OF    THE    LARGEST    KNOWN    STARS. 
Betelgeuse  is  the  leading  Star  in  the  Constellation  of  Orion.  Its  name  is  derived  from  an  Arabic  word  meaning  s*o«/dfr,  because 
it  is  situated  on  the  right  shoulder  of  the  giant  Orion  on  the  old  celestial  globes.  It  is  reddish  in  colour  and  slightly  variable 
in  light.  It  is  one  of  the  ruddiest  of  the  brighter  stars  and  is  a  far  less  compact  body  than  our  Sun.      In   the  above  fanciful 
picture   the  artist  has   purposely   ignored  the  effect  of   Gravitation,  which   would    make    impossible  the  experiment  here 

illustrated. 
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CANALS    IN    JLA.RS? 
These  two  drawings  support  the  contention  that  it  may  be 
only  distance  which  causes  the  markings  on  Mars  to  appear  as 
straight  lines.  Here  are  shown  a  number  of  irregular  patches — 


spectroscope  help  in  translating  the  spteech  of 
light :  the  prism  is  its  special  interpreter  !  By 
its  power  of  "  dispersing  "  the  rays  of  white 
light  into  its  components,  we  obtain  not  only 
the  beautiful  and  varied  colours  of  the  spectrum, 
but  information  which  reveals  some  of  the 
profoundest  secrets  of  the  heavens. 

It  is  instructive  at  this  point  as  well  as  of 
interest  to  note  the  change  in  outlook  and  scope 
which  has  marked  the  progress  of  Astronomy, 
say,  during  the  last  hundred  years. 

Perhaps  we  may  not  unfairly  describe  the 
Astronomy  of  a  century  ago — and  indeed  until 
after  the  middle  of  the  last  century — as  essen- 
tially formal  or  mechanical  in  character.  What 
was  especially  aimed  at  was  the  greatest  possible 
accuracy  in  determining  positions  and  the  f)er- 
fecting  of  our  knowledge  of  the  mechanism  of  the 
heavens.  At  that  time  it  was  scarcely  thought 
possible  that  man  might  some  day  progress  from 
a  knowledge  of  these  things  to  a  determination 
of  the  chemical  constitution,  the  life  history,  and 
the  internal  economy  of  the  distant  stars,  yet  such  studies  constitute  a  very  large  part  of  astronomical 
research  to-day.  The  fact  is,  the  success  of  Kirchhoff,  Bunsen,  and  other  great  physicists  of  the  middle 
of  the  Nineteenth  Century,  in  showing  how  the  absence  of  certain  rays  from  the  light  of  the  Sun  and  stars 
might  be  explained,  opened  the  way  to  a  vast  and  hitherto  undreamed  of  territory  which  astronomers, 
following  up  the  pioneer  work  of  Huggins,  Lockyer,  and  other  early  spectroscopists,  have  continued  to 
explore  with  the  most  conspicuous  and  amazing  success. 

Prior  to  the  year  1838  the  distance  of  not  one 
single  star  was  known,  and  till  even  compara- 
tively recent  times  our  knowledge  of  stellar 
distances  was  limited  to  those  of  a  small  number 
of  the  Sun's  nearer  neighbours.  To-day,  thanks 
to  our  ability  to  read  with  the  spectroscope  the 
messages  contained  in  star  light,  the  distances 
of  thousands  of  stars,  which  could  never  have 
been  measured  by  the  old  trigonometrical 
methods,  are  being  determined  with  ease,  and 
our  knowledge  of  the  sidereal  system  is  conse- 
quently advancing  at  a  rate  which  exceeds  the 
wildest  dreams  of  a  century  ago. 

And  another  point  which  has  become  abun- 
dantly clear  to  all  students  of  Nature  is  the 
oneness  of  physical  science.  Our  fathers  placed 
the  sciences  in  a  number  of  separate  compart- 
ments. We  are  learning  now  that  this  cannot  be 
done.  No  one  can  draw,  e.g.,  the  boundary  line 
between  Physics  and  Astronomy  :  there  is  none. 
„,i,iou„™.™„. ,-  .     ^  .•  •      .,■        -.u  •     ,  The  two  sciences  overlap.    They  are  indeed  but 

— wnicn  contract  into  a  continuous  series  of  lines  with  circular  .  .  , 

points  of  junction  when  viewed  at  a  distance  of  thirty  feet.  different     phases     of    what     is    essentially    one. 
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and  for  proof  of  this  it  is  sufficient  to  recall  the  fact  that  the  recent  researches  by  Eddington  and  others 
into  the  constitution  of  the  stars  are  based  on  what  has  been  learned  about  ions  and  electrons  and  the 
structure  of  the  atom  and  other  related  phenomena  by  observations  carried  out  in  our  physical 
laboratories. 

And  when  we  further  remember  that  the  very  foundations  of  science — our  ideas  of  force — our 
•conceptions  of  what  is  meant  by  standards  of  length  and  duration  and  so  forth — are  being  revised  and 
modified,  and  a  new  light  thrown  upon  the  whole  of  the  physical  universe,  we  realise  how  wonderful 
■are  the  times  in  which  we  hve,  and  how  extraordinary  is  the  rapidity  of  our  progress.  What,  we  may 
well  ask,  will  be  man's  outlook  on  Nature  one  hundred  years  hence  ? 

It  is  altogether  impossible  in  this  introductory  survey  of  the  scope  of  astronomical  science  to 
convey  in  adequate  terms   the  gorgeous  nature   of    the   subject  with  which   we  are   dealing.       An 


From  the  Indian  Section.] 


{ Victoria  and  Albert  Museum. 


JAI    SINGH'S    OBSERVATORY    AT    DELHI,     1719. 
Raja  Jai  Singh  Sawai  (the  Excellent)  of  Jaipur  (1693-1743)  was  a  famous  man  of  science.    He  built  five  observatories, 

viz.,  at  Delhi,  Benares,  Mathura,  Ujjain  and  Jaipur. 

introduction  can  but  sketch  the  general  characteristics  of  a  subject  just  as  the  eye  in  a  cursory 
glance  over  the  heavens  takes  in  but  a  very  vague  impression  to  begin  with.  Nevertheless  this  Intro- 
duction itself  may  serve,  perhaps,  to  make  us  marvel  at  oiu"  "  colossal  insignificance  "  and  to  revere 
the  created  works  of  a  Supreme  Intelligence.  Flowers  and  men,  stars  and  mountains  may  pass  away, 
but  the  stream  of  Time  rolls  on  for  ever. 


The  scale  of    the  heavenly  domain  is  such   that  it  is   difficult  for  human   faculties  to  grasp 
its  full  significance.      But  the  gain  derived  from  astronomical  studies  is   in  an  intellectual  and 
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moral  sense  incalculable.  It  inspires  with  a  profound  and  reverent  regard  the  whole  outlook  of  man. 
It  fills  him  with  a  feeling  of  modesty  and  pathos  at  the  small  part  he  plays  on  the  universal  stage.  In  the 
countless  orbs  which  constitute  the  stellar  universe,  wherein  his  own  Mother  Earth  is  a  planet  of  an 
inferior  order,  what  power  does  he  possess  to  influence  the  ceaseless  tide  of  things,  changing  and  ever 
changing  ?  Yet  we  must  remember  that  the  human  mind  has  been  endowed  with  a  power  of  insight 
and  analysis  which  in  itself  is  a  gift  pregnant  with  untold  potentialities.  That  it  has  shown  itself  capable 
of  mapping  out  the  heavens  in  a  manner  that  has  almost  strained  its  own  Ufe-forcc  and  made  it  question 
its  own  limitations  in  its  quest  for  truth  seems  to  imply  that  the  ground  of  discovery  is  scarcely  touched. 

The  appetite  for  know- 
ledge has  only  been 
whetted ;  and  every  in- 
crease in  its  acquisition 
serves  but  to  increase  the 
area  of  conscious  ignor- 
ance. 

It  may  be  asked,  what 
benefit  is  conferred  on 
mankind  from  astronom- 
ical studies  ?  Our  know- 
ledge of  the  size  and 
shape  of  the  Earth,  the 
determination  of  a  vessel's 
position  at  sea,  our  time 
system  without  which 
commercial  life  would  be 
in  hopeless  confusion,  are 
all  derived  from  observa- 
tions of  the  heavenly 
bodies.  But  there  are 
other  than  utilitarian 
considerations.  The  su- 
preme object  of  know- 
ledge of  whatever  kind  is 
not  in  the  knowledge 
itself,  but  in  what  that 
knowledge  implies.  Plato 
in  constructing  his  ideal 
republic  affirmed  that 
"  knowledge  is  virtue." 
To  know  is  to  be  apprised 
of  our  position  on  this 
Earth  and  to  mould  our 
lives  in  accordance  with 
the  dictates  of  reason 
and  truth.  It  is  only  t'he  ignorant  who  despise  the  teachings  of  garnered  knowledge.  Of  studies 
Bacon  said  that  "  simple  men  admire  them,  crafty  men  contemn  them,  and  wise  men  use  them." 
And  in  another  place,  "  There  is  no  pleasure  comparable  to  the  standing  upon  the  vantage  ground 
of  truth."  For,  as  our  teachers  have  taught  through  the  centuries,  knowledge  is  the  sole  pass-key  to 
right  Uving  and  high  thinking. 


From  ••  Auronomy  jur  All  "j  [By  permiisien  of  Mtisrs.  Cassell  &  Co.,  Ltd. 

HEVEUUS    AND    HIS    WIFE    ME-A.SURIXG    STELLAR    ALTITUDES. 

Hevelius  (16 1 1-1687),  celebrated  for  his  careful  drawings  of  the  Moon  and  for  the  tenacity 
with  which  he  clung  to  his  old  instruments,  refusing  to  adopt  improved  telescopic  methods, 
was  one  of  the  most  accurate  of  observers  without  telescopic  sights.  A  City  Councillor 
and  Astronomer,  he  possessed  a  very  fine  Observatory,  called  the  Sternenburg  ("  the 
Starry  Fort  "),  at  Danzig.  His  wife  has  been  called  "  the  first  woman  astronomer."  She 
washer  husband's  trusty  comrade  and  rendered  assistance  by  her  accurate  reading  of  his 

Instruments. 


By  pet  mission  of]  [1..F.M. 

MAGNETIC    STORIIS    OX    THE    SUN". 

The  Sun's  surface  is  the  scat  of  more  or  less  constant  magnetic  and  electrical  disturbances,  particularly  in  the  neighbourhood  of  large 

spots.     Invisible  streams  of  electrified  particles  are  projected  into  space  in  various  directions,  and  it  frt  qutntJy  happens  that  our 

Baxth  encounters  one  of  them.     The  result  is  then  a  violent  magnetic  storm,  sometimes  severe  enough  to  disorganise  all  telegraphic 

communication  for  some  hours.    Such  storms  are  generally  accompanied  by  brilliant  displays  of  the  Aurora. 


By  permission  vl ^  ^MJi, 

A  PART  Ol-  Tin;  I'l.ANHT  JUPITER:  "THE  GREAT  RED  SPOT." 
This  phenomenon  first  appeared  clearly  in  1875,  srowing  steadily  deeper  in  hue  until  it  formed  the  most  prominent  object  on 
the  disc  of  the  planet.  The  colour  of  the  spot,  coupled  with  the  fact  that  powerful  disturbances  were  observable  in  its  immediate 
vicinity,  led  to  the  sugRestion  that  it  was  due  to  the  local  generation  of  enormous  heat,  and  that  the  surface  had  probably 
been  rent  asunder  by  a  kind  of  volcanic  eruption.  The  Red  Spot  was  fully  20,000  miles  in  length  at  times,  so  that  the 
disturbance — whatever  its  nature — must  have  involved  an  extensive  area.  It  was  plainly  visible  for  a  quarter  of  a  century, 
but  is  now  only  barely  distinguishable.       All  this  seems  to  be  conclusive  as  to  the  impossibility  of  organic  life  on  Jupiter. 
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It  is  thus  we  should  view  astronomical  studies.  A  writer  once  had  it  that  Astronomy  was  a  "  science 
of  pure  curiosity."  But  he  did  not  sufficiently  grasp  the  import  of  the  knowledge  thus  gained.  Had 
he  done  so,  he  would  have  seen  that  the  ever-expanding  mass  of  astronomical  research  is  the  prelude 
to  the  understanding  of  our  world  through  our  diagnosis  of  the  heavens.  Apart  from  the  practical 
value  of  the  new  sciences  which  from  time  to  time  have  sprung  from  Astronomy,  Astronomy  itself  in 
its  own  particular  sphere 
and  by  its  own  discov- 
eries, has  triumphantly 
brought  home  to  us  a 
reahsation  of  relative 
human  values.  How 
painful  the  reflection,  and 
all  the  more  piquant 
because  of  its  indirect- 
ness, does  it  cast  upon  our 
petty  earthly  squabbles ! 
How  small  do  the  great 
wars  and  feuds  of  the 
past  now  appear  to  us — ■ 
wars  which  were  fought 
and  thrones  and  king- 
doms shattered  for  an 
extra  slice  of  territory ! 
And  this,  too,  in  a  world 
whose  extent  of  land  it 
would  be  laughable  to 
call  by  the  name  of 
"  territory  "  in  a  universe 
where  it  is  all  but  a 
negligible  quantity. 

Let  us,  therefore,  be 
persuaded  of  loftier  in- 
terests and  reflect  on  the 
problem  of  the  cosmos  in 
adequate  terms.  Of  all 
studies,  the  science  of 
Astronomy  is  not  for  the 
narrow  bickerings  and 
carpings    of    the     small 

mind.  Feeding  as  it  does  the  spirit  of  enquiry,  and  hallowing  it,  it  is  yet  within  the  powers  of  an 
ordinary  mind  to  assimilate.  As  has  been  pointed  out,  the  whole  reason  for  this  work  is  the  simple  one 
of  initiating  the  average  man  into  the  secrets  of  heavenly  lore.  It  puts  within  the  reach  of  everyone  a 
means  of  acquiring  what  might  be  called  the  "  necessary  knowledge  "  of  Astronomy.  It  will  be  readily 
appreciated  that  there  is  a  border-Une  beyond  which  in  a  work  of  this  description  one  cannot  go.  But 
at  the  same  time  ignorance  of  the  elements  of  the  subject  within  the  border-line  is  tantamount  to  wilful' 
neglect  of  a  golden  opportunity  for  personal  development  and  self-culture.  The  work  will  not  have 
been  undertaken  in^vain  if  it  is  instrumental  in  commending  to  the  intelligence  of  its  readers  an 
intelligent  interest  in  the  spangled  vault  above. 


A    SPIRAL    NEBULA. 

These  wonderful  celestial  whirlpools  are  found  in  great  numbers  in  certain  parts  of  the  sky, 
many  thousands  being  known.  They  are  composed  of  diffuse,  though  not  truly  gaseous, 
matter,  whose  motion  has  lately  been  shown  to  be  outwards  along  the  "  arms  "  from  the 
central  bright  mass  or  nucleus.  Here  and  there  this  diffuse  matter  has  condensed  into  small 
compact  masses,  and  it  is  believed  that  spiral  nebulae  are  destined  to  end  their  career  by 
condensing  into  star  clusters.    Many  of  these  embryo  stars  are  visible  in  the  above 

photograph. 


ATLAS. 
According  to  legend  Atlas  was  a  membcf  of  the  older  family  of  gods  who  bore  up  the  pillars  of  Heaven.     The  figures  on  the 
photograph  represent  constellatians  or  groups  of  stars,  many  of  which  have  been  named  after  animals.     Cancer  (the  Crab) 

and  Leo  (the  Lion)  can  be  seen  near  the  top  of  the  globe. 


THE    STAR    OF    BETHI^EHEM. 

In  ancient  times  tlie  stars  were  sometimes  the  sole  means  of  guidance  to  wandering  tribes.     From  the  earliest  ages  they 

have  been  the  almanacs  of  uncivilised  peoples  who  studied  the  face  of  the  sky  as  an  aid  to  practical  life.    Among  civilisations 

of  the  past  good  or  evil  influences  were  assigned  to  the  stars. 

SPLENDOUR  OF  THE  HEAVENS. 


CHAPTER  I. 

THE  STORY  OF  LIGHT  AND  MAN'S  CONTROL  OF  IT. 

By  Dr.  W.  H.  Steavenson,  F.R.A.S. 

A  DISSERTATION  on  Light  and  the  properties  of  lenses  and  mirrors  may  seem  a  strange  opening 
to  a  work  on  the  glories  of  the  firmament.  And  yet  such  an  opening  is  amply  justified  by  the 
very  nature  of  Astronomy  ;  for  we  have  to  remember  that  the  greatest  and  most  ancient  of  the 
sciences  differs  from  all  others  in  one  essential  particular,  which  is  that  it  deals  with  objects  altogether 
beyond  our  reach.  We  cannot  touch,  pick  to  pieces,  or  analyse  them,  as  is  possible  with  plants, 
insects,  or  pieces  of  rock.  All  our  knowledge  of  them  is  conveyed  across  vast  abysses  of  space  by 
that  mysterious  agency  which  we  call  Light.  The  workings  of  this  universal  messenger  are  even 
now  not  completely  understood,  but  we  have  been  learning  more  and  more  about  them  during  the 
past  three  centuries.  Such  knowledge,  useful  enough  in  itself,  has  led  us  still  further,  for  man  has 
by  slow  degrees  learnt,  not  only  the  nature  of  Light,  but  also  the  methods  whereby  it  may  be  so 
controlled  and  harnessed  as  to  deliver  faithfully  the  messages  which  it  conveys. 

It  is  quite  possible  to  enjoy  a  wireless  concert  without  having  the  least  knowledge  of  the  technical- 
ities of  radio-telephony.  On  the  other  hand,  there  are  few  people  of  any  intelligence  who  would  not 
be  sufficiently  interested  to  enquire  "how  it  works,"  even  if  they  pursued  the  matter  no  further. 
It  is  much  the  same  with  the  revelations  of  Astronomy.  The  bare  facts  which  are  the  result  of 
research  are  easy  enough  to  understand,  but  a  knowledge  of  how  they  were  obtained  greatly  enhances 
their  interest  for  any  intelligent  person.  Moreover,  the  reader  is  bound,  in  a  work  of  this  nature,  to 
come  across  certain  photographs  and  illustrations  which,  if  not  altogether  meaningless,  will  at  least 
be  liable  to  puzzle  and  mislead  him  if  he  has  not  learnt  some  of  the  methods  of  the  astronomer  or  the 
working  of  the  instruments  he  employs. 

The  nature  of  Light  is  a  mystery  which  has  exercised  the  mind  of  man  from  the  earliest  times, 
and  a  little  thought  will  show  how  puzzling  the  problem  was,  and  indeed  still  is.    Here  was  something 
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THE    OLD    CORPUSCUI.AR    THEORY    OF    THE    NATURE    OF    LIGHT. 

It  was  at  one   time  supposed  that  every  source  of  Light  was  constantly  emitting  in  all  directions  myriads  of  minute 
particles,  which  excited  the  sensation  of  vision  on  striking  the  eye. 

clearly  connected  with  all  visible  things  of  every  conceivable  nature,  yet  surely  also  connected  in 
some  way  with  the  observer,  since  experience  suggested  that  what  affects  the  body  must  be  in 
contact  with  it.  Hence  the  idea  soon  arose  that  Light  had  a  definite  concrete  existence  ;  was,  in 
fact,  a  substance.  But  when  it  came  to  harmonising  such  a  theory  with  observed  facts,  the  early 
philosophers  had  to  resort  to  the  most  complicated  and  fantastic  suppositions,  none  of  which  was 
really  satisfactory^  and  which  can  hardly  have  been  intelligible  to  the  authors  themselves.  It  will 
be  enough  to  say  here  that  out  of  all  this  speculation  there  emerged  what  is  now  known  as  the 
Corpuscular  Theory  of  Light.  According  to  this  theory,  every  liuninous  body  was  constantly  dis- 
charging streams  of  minute  particles  in  all  directions,  and  these  particles,  on  striking  the  eye,  gave 
rise  to  the  sensation  of  Light  or  Vision.  This  theory  had  the  merit  of  extreme  simplicity,  but  it 
unfortunately  failed  to  explain  all  observed  facts.  It  continued,  however,  to  be  used  as  a  working- 
hypothesis  right  up  to  the  last  century,  when  it  was  replaced  by  the  now  universally  accepted  Wave 
Theory.  In  this  we  have  an  explanation  which  at  least  accounts  pretty  well  for  all  observed  facts. 
There  are  difficulties  here  and  there,  but  it  seems  evident  that  we  are  very  near  the  truth,  and  a  theory 
that  explains  so  many  things  is  not  lightly  to  be  laid  aside. 

The  present  theory  may  be  briefly  described  as  follows.  Light  is  no  longer  regarded  as  a  substance, 
but  as  a  form  of  energy  or  motion.  The  minute  particles  composing  a  luminous  body  are  in  a  state  of 
extremely  rapid  vibration.  These  vibrations  set  up  similar  movements  or  disturbances  in  that  all- 
pervading  Something  which  scientists  call  the  Ether  of  Space.  The  disturbances  thus  set  up  are  in 
the  nature  of  waves,  which  move  outward  in  concentric  circles  from  the  luminous  body,  like  the- 
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THE    STARS    FOR    MAY. 
Our  plate  shows  the  aspect  of  the  sky  as  seen,  looking  North  and  South,  from  Westminster  Bridge;    but  the  positions  of  the  stars 
will  be  practic.illy  the  same  for  any  place  in  the  latitude  of  Great  Britain. 

The  constellations  will  .ippear  in  the  positions  shown  on  May    1  at  about  11.30  p.m.  (Greenwich  Mean  Time). 
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ripples  produced  when  a  stone  is  thrown  into  still  water,  except  that  they  do  not  lengthen  out  as 
they  advance.  It  is  important  to  remember  that  it  is  the  waves  which  move  outwards  and  not  the 
Ether,  whose  "  particles  "  merely  rise  and  fall  as  the  waves  pass,  just  as  a  feather  will  do  if  thrown 
on  to  the  ripples  in  the  pond. 

The  Light-waves  travel  outwards  from  their  source  with  the  prodigious  speed  of  186,325  miles 
per  second,  a  distance  equal  to  between  seven  and  eight  complete  circuits  of  our  Globe.  Small 
wonder  is  it  that  the  early  philosophers  thought  the  speed  of  Light  to  be  infinite  !  And  yet  there  are 
bodies  visible  to  us  in  space  whose  light  takes  many  thousands  of  years  to  reach  us.  Here,  surely, 
is  an  instance  where  a  knowledge  of  Light  and  its  properties  will  help  us  to  a  better  understanding 
of  the  immensity  of  the  Universe. 

The  actual  length  of  a  wave  of  Light,  or  the  distance  from  crest  to  crest,  is  almost  as  inconceivably 
small  as  its  speed  is  staggeringly  great.  The  average  length  is  about  — ^„  of  an  inch,  and  a  little 
consideration  will  show  that,  travelling  at  the  speed  above  mentioned,  about  500,000,000,000,000 
(five  hundred  billion)  of  them  must  strike  the  eye  every  second  !  But  all  Light  waves,  though  small, 
are  not  of  exactlj'  the  same  length,  and  it  has  been  found  that  their  dimensions  vary  according  to  the 
colour  of  the  light.  Thus,  the  waves  of  red  light  are  about  j^,J,^  inch  long,  while  those  of  violet 
light  are  nearly  twice  as  short,  or  about  ^l^  inch.  The  eye  cannot  perceive  Light  whose  waves 
are  longer  or  shorter  than  these  limits,  but  such  waves  can  be  detected  by  the  photographic  plate 
and  other  physical  means. 

We  can  only  see  a  light,  or  indeed  any  object,  by  looking  straight  towards  it  ;   which  is  another 


THE    MODERN    WAV^    THEORY    OF    THE    NATURE    OF    UGHT, 
I^ight  is  now  regarded  as  being  due  to  waves  in  the  Ether.     Every  liuninous  body  is  supposed  to  radiate  such  waves  in  much 
the  same  manner  as  a  stone  will  do  if   dropped  into  a  pond,  but  with  a  velocity  of  over  186,00(1  miles  per  secuud.      'J  he 

distance  from  crest  to  crest  determines  the  colour  of  the  Light  Ss  seen  by  us. 
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way  of  saying  that  Light  normally  travels  in  straight  lines.  This  may  seem  a  contradiction  of  what 
has  already  been  said  of  the  circular  arr£mgement  of  the  Ether-waves  round  a  Ivmiinous  body,  but 
we  have  to  remember  that  it  is  the  direction  of  motion  and  not  the  shape  of  the  waves  that  is  straight. 
Therefore  we  may  and  do  imagine  Light  as  issuing  from  a  bright  point  in  an  infinite  number  of 
straight  lines,  arranged  like  the  spokes  of  a  wheel.  The  actual  waves  are  moving  outwards  along  these 
"  spokes  "  and  always  at  right  angles  to  them.  Any  one  of  these  spokes  may,  for  the  sake  of 
simplicity,  be  considered  separately,  and  is  then  referred  to  as  a  "  ray."  Such  a  way  of  looking  at 
Lig;ht  makes  simple  the  explanation  of  optical  instruments,  and  we  shaU  often  have  occasion  to  use 
it  in  what  follows. 

So  far  we  have  only  dealt,  very  briefly,  with  the  supposed  nature  of  Light  as  it  travels  imfettered 
through  Space.  We  shall  now  turn  to  the  methods  whereby  man  has  learnt  to  handle  and  control 
these  mysterious  ripples  of  the  Ether,  to  the  great  increase  of  his  knowledge  of  the  Universe. 


A    FAMItlAR    PROOF    OF    A    GREAT    TRUTH. 
A  ray  of  light,  if  looked  at  from  one  side,  is  itself  invisible,  but  particles  of  dust  may  be  lit  up  by  it  and  then  mark  the 
path  of  the  ray.      Such  paths  are  never  curved,  and  thus  we  learn  that  unfettered  Light  always  travels  in  straight  lines. 

It  was  long  ago  observed  that  stones  at  the  bottom  of  a  shallow  pool  appeared  from  the  bank  to 
be  displaced  from  their  true  positions  so  as  to  seem  nearer  to  the  opposite  bank  than  they  actually 
were.  Moreover,  it  was  noticed  that,  when  ripples  wer^' present  on  the  siuiace  of  the  water,  the 
shape  as  well  as  the  position  of  the  stories  was  altered  and  distorted.  We  may  observe  the  same 
sort  of  thing  by  looking  obliquely  at  some  object  through  a  piece  of  plate  glass.  If  the  latter  is  good, 
the  object  will  merely  appear  bodily  displaced ;  but  if  the  glass  is  "  wavy  "  it  will  also  alter  the 
outline  of  the  object.  What  is  really  happening  will  be  clear  from  our  illustration.  The  light  by  which 
we  see  the  object  has  not  travelled  straight  towards  us.    This  does  not  mean  that  it  has  travelled 


THK  EYE  IN  DAYI,IGHT. 


THE  EYE  AT  NIGHT. 

Light  can  only  enter  the  eye  through  the  pupil,  whose  size  is  automatically  controlled  according  to  the  requirements  of  vision. 

When  Light  is  abtindant  the  pupil  is  small,  as  in  the  top  illustration ;  but  at  night  it  enlarges  to  admit  as  much  Light  as 

possible,  as  in  the  lower  illustration,  which  was  taken  by  flashlight  in  a  darkened  room.     The  flash  lasted  only  a  small 

fraction  of  a  second  and  was  over  before  the  pupil  had  time  to  contract  in  response  to  the  sudden  glare. 
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TURNING    A    LIGHT    RAY    FROM    ITS    PATH. 
.When  a  ray  of  X,ight  f alls  obliquel  y  on  a  piece  of  plate  glass  or  similar 
transparent  substance,  its  direction  is  altered,  and  an  observer  on 
the  other  side  of  the  glass  sees  the  source  of  I,ight  displaced  from  its 
true  position.      This  bending  of  Light  is  Icnown  as  Refraction. 


were  first  made,  but  we 
know  that  they  were  in 
existence  at  the  end  of 
the  Thirteenth  Century, 
and  that  they  were  then 
in  use,  as  to-day,  for 
spectacles. 

Lenses  are,  broadly 
speaking,  of  two  kinds — 
positive  and  negative. 
The  first  type  are  thickest 
in  the  middle  and  tend 
to  bring  together  the  rays 
which  pass  through  them. 
The  second  type  are 
thickest  at  their  edges, 
and  tend  to  spread  out 
the  rays.  In  practice  the 
two  tjrjjes  are  often  used' 
in  combination,  the 
nett  result  on  the 
rays  depending 
mainly  on  the  relative 
"strength"  (i.e.,  thickness 


in  a  curved  path,  but  that  its  straight  path 
has  "  had  its  back  bent,"  as  it  were,  at 
one  or  more  places.  This  bending  of  Light 
is  known  as  Refraction,  and  it  always 
occurs  when  a  ray  passes  at  an  angle  from 
one  medium  (such  as  air)  to  another  that  is 
either  more  or  less  dense.  The  amount 
by  which  the  Light  is  bent  depends  on  the 
density  of  the  substance  through  which 
it  passes,  but  the  final  direction  of  the  ray 
depends  not  only  on  this,  but  also  on  the 
shape  of  the  surface  of  the  substance. 
This  is  why  rippling  water  or  "  wavy  " 
glass  will  give  different  directions  to  Ta.ys 
coming  from  different  parts  of  an  object, 
and  thus  produce  a  distortion  of  its  shape. 
This  brings  us  at  once  to  that  greatest 
and  most  fundamental  of  all  optical 
inventions — the  Lens. 

A  lens  is  a  piece  of  glass  or  other 
transparent  substance  which  has  had  its 
surfaces  deliberately  shaped  by  the  op- 
tician in  such  a  way  that  rays  passing 
through  it  shall  be  turned  as  far  as  possible 
in  certain  desired  directions.  We  have  no 
knowledge  of  the  exact  date  when  lenses 


A    RAY     OF    LIGHT    •' U16SKCTKU." 
A  prism,  or  piece  of  glass  of  triangular  section,  treats  rays  of  different  colour  unequally, 
White  Light  is  composed  of  rays  of  all  colours,  which  are  separated  out  on  passing  through 
a  prism.    The  violet  rays  are  bent  most  and  the  red  least.  This  spreading  out  of  a  narrow 
white  ray  into  a  fan  of  many  colours  is  called  Dispersion.  Newton  was  the  first  to  explain 

the  action  of  a  prism.  .^     ,  ,5,. 
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or  thinness)  of  the'varions  lenses.  Let  us  now  consider  the  case  of  a  single  positive  lens,  of  which 
an  illustration  will  be  found  below.  Here  we  have  a  piece  of  glass  whose  surfaces  are  both  curved, 
and  it  will  be  noted  that,  unlike  the  case  of  plate  glass,  these  surfaces  are  inclined  towards  one  another 
at  every  place  except  the  exact  centre  of  the  lens,  where  they  are  parallel.  The  result  of  this 
inclination  is  that  the  rays,  which  are  bent  on  entering  the  glass,  are  not  restored  to  the  same  general 
direction  on  leaving  it,  but  are  bent  still  further.  The  same  thing  happens  to  all  the  rays,  though 
an  examination  of  the  diagram  wiU  show  that  the  bending  effect  grows  less  and  less  towards  the  centre 
of  the  lens,  where  it  ceases  altogether  and  the  rays  pass  straight  through.  By  carefully  fashioning 
the  surfaces  of  such  a  lens  we  can  cirrange  to  make  all  the  rays  from  one  point  (the  object)  meet  together 
at  another  point  on  the  opposite  side  of  the  lens.     In  this  way  we  have,  as  it  were,  created  in  space 


HOW    A    I,ENS    WORKS. 
When  Light  rays  from  a  point  strike  a  piece  of  glass  with  curved  surfaces,  known  as  a  lens,  each  ray  suifersa  slightly  different 
deflection,  and  a  lens  can  be  so  fashioned  that  all  the  rays  will  meet  agam  at  a  point  on  the  other  side. 


a  ghostly  counterpart  of  the  original  object,  which  it  will  exactly  resemble  so  far  as  its  light,  or 
visibility,  is  concerned.     Such  a  "  ghost  "  is  known  to  scientists  as  an  "  image." 

So  far  we  have  only  considered  the  rays  from  a  single  point,  but  the  case  is  just  as  simple  if  we 
take  two,  or  even  three  points  ;  for  each  one  will  have  its  image  produced  separately  in  space  on 
the  other  side  of  the  lens.  Now,  an  object  of  any  size,  such  as  an  arrow,  may  be  considered  as 
consisting  of  a  very  great  number  of  separate  points,  each  of  which  will  have  its  corresponding  image. 
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Thus  we  can  readily  see  that  a  complete  picture  of  the  object  will  be  formed  by  the  lens,  and  if  we 
trace  the  path  of  the  rays  with  the  aid  of  a  diagram  we  shall  find  that  the  picture  is  always  upside 
down  as  compared  with  the  object. 

In  thus  forming  artificially  a  light-picture  or  image  of  an  object,  it  may  not  appear  that  a  lens 
has  done  us  much  service  ;  but  it  is  really  upon  this  action  that  our  power  of  distinct  vision  entirely 
dopenck.  In  the  human  body  all  sensations  are  conveyed  to  the  brain  by  means  of  fine  filaments 
called  nerves,  some  of  which  convey  one  kind  of  sensation  and  some  another.  Those  which  give  rise 
to  the  sensation  of  Light  are  exceedingly  mmierous  and  are  entirely  confined  to  the  two  eyes.    There 


MAKING    LIGHT    PRODUCE    A    PICTURE. 

Our  illustration  shows  how  the  rays  from  a  large  object  are  treated  by  a  lens    Every  point  of  the  object  has  its  counterpart 
on  the  other  side  of  the  lens,  as  shown  in  the  previous  illustration,  and  thus  a  complete  picture  (generally  called  an  image)  is 
formed  in  space  where  the  rays  converge.     It  will  be  seen  that  such  an  image  is  always  upside  down. 


the  delicate  endings  of  the  nerve  filaments  are  closely  packed  together,  like  the  pile  of  a  carpet,  so 
as  to  form  a  continuous  inner  lining  to  the  back  of  each  eye-ball.  Light  from  external  objects 
reaches  this  nervous  lining  (called  the  "retina")  through  a  small  aperture  of  variable  size,  known  as 
the  pupil,  and  the  impression  of  luminosity  is  straightway  conveyed  to  the  brain.  But  there  is  more 
in  vision  than  this.  If  the  above  description  of  the  eye  were  complete,  then  light  from  every  part 
of  an  object  would  strike  every  part  of  the  retina,  and  the  confusion  resulting  would  leave,  us  in 
ignorance  as  to  the  true  direction  of  the  various  rays  ;  in  other  words,  we  should  have  no  knowledge 
(from  vision  alone)  of  the  form  of  objects,  but  merely  be  conscious  of  their  brightness.    This  is  where 


THE    MOUNT    WILSON    TEI.ESCOPE. 

This  giant  instrument  is  the  largest  telescope  in  the  world.     It  shows  millions  of  stars  that  are  too  faint  for  other  instnmients. 

Its  tube  is  ten  feet  in  diameter  and  forty-three  feet  long,  the  great  1 00-inch  mirror  being  moimted  at  its  lower  end.     It  has  been 

constructed  to  deal  with  problems  unsuited  to  telescopes  of  inferior  power.     The  site  of  the  Mount  Wilson  Observatory  was 

chosen  with  a  keen  eye  to  favourable  atmospheric  conditions.     It  is  5,900  feet  above  sea  level. 
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SIMPI^K    Kia-RACTIXG    TEI^ESCOPE. 

A  picture  of  a  distant  object,  formed  by  a  large  lens  as 
explained  above,  is  magnified  by  a  smaller  lens,  called  an 
eye-piece.  It  will  still  appear  upside  down,  but  this  is  no 
disadvantage  to  the  Astronomer.  In  terrestrial  telescopes 
additional  lenses  are  inserted  to  erect  the  image. 

that  the  size  of  the  picture  is  also  greater,  as  well 
as  its  distance  from  the  lens.  In  other  words, 
the  greater  the  focal  length  the  larger  the  picture. 
Now  the  lens  of  the  eye  is  very  much  thicker  in 
the  middle  than  at  the  edges,  so  its  focal  length  is 
small.  In  fact,  it  forms  its  picture  less  than  an 
inch  from  its  back  surface.  The  result  of  such  a 
small  distance  is  that  every  object  in  a  landscape 
is  seen  very  small,  though  a  great  width  of  view 
is  included  in  the  picture.  If  we  desire  to  obtain 
a  larger  view  of  any  one  object  we  have  only  to 
approach  it  and  thus  make  it  appear,  within 
certain  limits,  as  large  as  we  like.  But  the  case 
of  the  astronomer  is  different.  He  cannot  get 
appreciably  nearer  to  the  heavenly  bodies  than 
he  is  at  present,  so  that,  using  his  eye  alone,  he 
has  to  be  content  with  a  very  small  picture  of 
them. 

The  second  great  defect  of  the  eye,  from  the 
astronomer's  point  of  view,  is  the  smallness  of  its 
opening — the  pupil.  This  has  nothing  to  do  with 
the  size  of  the  picture  formed  in  the  eye,  but  it 
has  everything  to  do  with  its  brightness.     When 


the  lens  comes  in,  for  we  have  seen  that  it  has 
the  power  of  dealing  separately  with  individual 
rays,  and  putting  them  all  in  their  right  places 
without  confusion.  Every  eye  contains  a  lens, 
not  of  glass,  but  of  a  transparent  homy  sub- 
stance, and  this  lens  throws  its  pictures  on  the 
retina  of  the  eye.  Here  each  part  of  the  imag* 
will  affect  a  different  filament  of  the  "  pile- 
carpet,"  and  all  these  impressions  will  be  con- 
veyed separately  to  the  brain,  where  the  iorm 
or  shape  of  the  object  will  be  thus  revealed. 

Thus  we  carry  about  in  our  own  bodies  the 
most  ancient  of  all  optical  instruments,  and  a 
very  efficient  one  too,  for  most  purposes  of 
everyday  life.  But  to  the  astronomer  it  has 
two  great  defects.  The  first  is  the  smallness  of 
the  pictures  produced  by  it.  This  is  due  to  the 
small  scale  on  which  the  eye  is  constructed.  If 
we  experiment  with  different  lenses,  thin  and  thick, 
we  shall  find  that  the  thin  or  flatfish  ones  produce 
their  pictures  of  a  distant  object  much  further 
from  the  glass  than  the  thick  ones  do,  and  they 
are  therefore  said  to  have  a  greater  "  focal 
length."     But  this  is  not  all,  for  we  shall  notice 


PKINCIPI,E  OF  NEWTON'S  REFLECTING 
TELESCOPE. 
A  concave  mirror  made  of  metal  or  gleiss  will  form  a  picture 
of  a  distant  object  by  reflection,  the  rays  being  controlled 
ill  their  directions  as  in  the  case  of  a  lens.  The  image  is 
formed  at  the  side  of  the  tube  (by  interposing  a  small  flat 
mirror  placed  obliquely),  and  is  there  magnified  by  an 
eye-piece. 
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GA14i,KO'S  TKi.litjCOi'liSs. 
With  the  construction  of  these  little  instruments,  in 
1609,  the  telescopic  revelation  of  the  heavens  began. 
The  first  discovery  made  was  that  of  Jupiter's  moons, 
followed  by  the  Mountains  of  the  Moon,  the  Starry 
structure  of  the  Milky  Way,  and,  m  1611,  the  phases 
of  Venus,  the  Spots  on  the  Sun,  and  the  Strang* 
appendages  of  Saturn.  Such  telescopes  would  be  con- 
sidered very  feeble  instnunents  nowadays,  but  they  had 
a  profound  influence  upon  the  History  of  Astronomy 
and  revealed  memy  wonders  for  the  first  time. 

US  in  this  direction,  for  when  the  light  of 
surrounding  objects  is  feeble,  as  at  night, 
the  pupil  automatically  enlarges  to  take  in 
more  rays.  But  obviously  there  is  a  limit 
to  this  enlargement,  and  it  never  exceeds 
about  one-third  of  an  inch. 

Thus  the  early  astronomer  felt  the 
limits  of  the  power  of  his  eye  and  cried 
out  for  two  things — a  bigger  picture  and 
more  light.  What  he  needed,  in  fact,  was 
a  larger  eye  than  the  one  he  had ;    one 


we  remember  that  a  star,  or  distant  light,  is  sending  out 
rays  in  all  directions  we  C9J1  readily  see  that  only  a 
minute  proportion  of  these  rays  can  enter  such  a  small 
thing  as  the  pupil,  and  that  this  j)roportioijj,becomes 
smaller  and  smaller  as  our  distance  from  the  light  in- 
creases. The  result  of  this  is  that  a  very  distant  or  very 
faint  light  fails  to  send  us  enoxigh  rays  to  make  it  visible, 
and  we  see  nothing  at  all.     Nature  does  her  best  to  help 


|B8»«S»:**-    .  Jill  I       I  I 

fftuiu  yyj  [Thi  Yerkes  Observatory. 

THE  GREAT  YERKES  TELESCOPE. 
Of  40  inches  aperture,  this  telescope  was  mounted  in  1 897  at  Chicago 
University  Observatory.  It  is  the  most  powerful  refractor  yet 
constructed,  and  is  housed  in  a  massive  brick  tower  90  feet  in  diameter. 
Its  tube  is  64  feet  long.  The  total  weight  of  glass  in  the  two  lenses — 
which  together  form  the  object-glass — is  .500  pounds.  These  lenses 
are  of  extraordinary  purity  and  transparency,  yet  they  absorb  much 
light  because  of  their  great  thickness.  The  moving  parts  of  the 
telescope  weigh  over  20  tons.  It  has  been  used  chiefly  for  spectro- 
scopic work  and  for  the  observation  of  double  stars,  these  being 
branches  of  work  for  which  its  great  aperture  and  focal  length  render 
it  specially  suitable. 
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that  should  be  longer — to  produce  a  larger  picture,  and  one  that  should  have  a  wider  opening — to 
admit  more  hght.    And  this  is  exactly  what  he  obtained  by  the  invention  of  the  telescope. 

Every  telescope  is,  in  principle,  a  reproduction  of  the  human  eye  on  a  larger  scale.  It  will  be 
clear  from  what  has  gone  before  that  any  lens  whose  diameter  is  more  than  J  of  an  inch,  and  whose 
focal  length  is  over  an  inch,  will  produce  a  picture  in  space  that  is  brighter  and  larger  than  that 
formed  in  the  eye.  However,  it  may  not  appear  so  large  at  first  sight,  because  we  cannot  approach  it 
closely  and  still  see  it  distinctly.  But  a  lens  whose  focal  length  is  over  about  ten  inches  will  form 
a  picture  that  looks  perceptibly  larger  than  the  object  itself,  viewed  without  the  lens.  This  must 
have  been  noticed  in  the  early  days  of  lens-making,  and  yet  no  use  appears  to  have  been  made  of  it 


Photo  by  permistim  ef]  [The  Rtyai  Aslnmomical  Sodely. 

A    STAR-CAMERA    MOUNTED    FOR    PHOTOGRAPHING    THE    HEAVENS. 

With  an  iBStnunent  of  this  type  large  areas  of  the  sky  can  be  photographed  on  a  comparatively  small  scale.     The  Camera 

is  mounted  on  an  axis  which  turns  by  clockwork  to  fellow  the  stars  in  their  apparent  march  aooGE  the  sky.     The  telescope 

attached  is  pointed  in  the  same  direction  as  the  camera  and  enables  the  astronomer  to  see  that  the  clockwork  is  keeping 

the  whole  instnmient  accurately  pointed  in  the  same  direction  throughout  the  time  of  exposure. 

until  the  beginning  of  the  Seventeenth  Century.  It  was  then  observed  by  Hans  Lippershey,  a  Dutch 
spectacle  maker,  that,  by  the  insertion  of  a  second  lens  between  the  eye  and  the  image,  it  was  possible 
to  get  much  nearer  to  the  latter  and  so  obtain  an  enlarged  view.  This  was  much  more  convenient 
and  efiective  than  the  use  of  a  single  lens  of  very  long  focus,  and  besides,  by  using  eye-lenses  of  different 
strength,  varying  degrees  of  magnification  could  be  obtained  without  changing  the  "  object-glass," 
as  the  lens  was  called  which  formed  the  image. 


> 


I 


Pluto  *y  permisium  «/]  [I  lu  Hoyal  Aslronomical  itixntey. 

A    STAR-CHART    PRODUCED    BY    PHOTOGRAPHY. 

A  Star -Camera  of  the  kind  shown  in  the  last  illustration  produces  a  chart  of  the  Heavens  similar  to  the  above.    Many  thousands 

of  stars  are  automatically  and  correctly  recorded  in  a  single  hour.    It  would  take  years  to  map  the  same  number  of  stars  by 

visual  means  ;   and  even  then  errors  would  be  certain  to  occur. 
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Photo  byi  [The  Yerktt  Obstrvalory. 

A  GREAT  TELESCOPE  CONVERTED  INTO  A 
CAMERA. 
When  it  is  desired  to  photograph  small  portions  of  the  sky  on 
a  large  scale  it  is  necessary  to  use  a  very  long  telescope.  One 
has  only  to  remove  the  ej'e-piece  and  substitute  a  photo- 
graphic plate  to  receive  the  image  formed  by  the  great  lens. 
Our  illustration  shows  the  40-inch  Yerkes  refractor  converted 
in  this  wav. 


Lippershey  was  not  an  astronomer  and  it  does 
not  seem  to  have  occurred  to  him  to  apply  his 
new  invention  to  the  study  of  the  heavens.  In 
fact,  he  only  saw  in  it  a  discovery  of  great  military 
importance  !  But  news  of  it  reached  Galileo,  the 
Italian  astronomer,  in  the  year  1609,  and  he  was 
able,  without  having  seen  a  specimen  of  the  new 
instrument,  to  construct  one  himself  from  the 
description  alone.  The  construction  adopted  by 
Galileo  was  almost  identical  in  principle  with  that 
in  use  by  astronomers  to-day,  except  that  the 
eye-piece  was  a  negative  lens.  This  form  of 
telescope,  however,  has  still  survived  in 
the  modern  opera-glass,  which  is  often 
referred  to  by  opticians  as  the  "  Galilean," 
to  distinguish  it  from  the  prism  binocular. 
Galileo  made  several  telescojjes,  but  the 
largest  was  scarcely  more  than  an  inch  in 
diameter,  .  and  magnified  less  than  forty 
times.  Compared  with  our  modem  astro- 
nomical telescopes  it  was,  of  course,  a  mere  toy, 
but,  for  all  that,  it  was  a  very  great  advance  on 
the  unaided  eye. 

Now  were  revealed  to  man  for  the  first  time 
the  mountains  on  the'  Moon,  the  satellites  of 
Jupiter,  the  phases  of  Venus,  the  starry  back- 
ground of  the  Milky  Way,  and  the  shapes  of  the 
spots  on  the  Sun.  But  as  yet  these  things  were 
very  imperfectly  shown,  and  it  became  clear  that 


nothing  much  more  could  be  done  until  the  new 
instrument  was  greatly  improved  and  enlarged. 
Unfortunately,  this  was  by  no  means  a  simple  matter. 
The  making  of  discs  of  glass  good  enough  to  turn  into 
lenses  demands,  even  to-day,  a  great  deal  of  care  and 
skill,  except  for  those  of  very  small  size  ;  it  can  well 
be  imagined  that  three  hundred  years  ago  the  problem 
was  an  extremely  formidable  one.  In  fact,  a  full 
century  after  Galileo's  pioneer  work  it  was  difficult 
to  produce  a  good  lens  that  was  more  than  two  or  three 
times  the  size  of  the  ones  he  used.  Moreover,  another 
difficulty  was  encountered  which  was  really  the  more 
serious  of  the  two. 

It  had  been  noted  from  the  most  ancient  times 
that  beautiful  colours  were  seen  when  white  light 
passed  through  pieces  o(  glass  or  precious  stones  whose 
surfaces  were  inclined  to  one  another.  In  fact,  the 
"  cutting  "  of  diamonds  and  glass  was  specially  designed 
to  produce  such  "  rainbow  "  effects.  It  was  not  imtil 
the  end  of  the  Seventeenth  Century  that  the  true 
explanation  of  these  colours  was  given  by  Newton, 


HERSCHEL'S  GREAT  4-FOOT  REFLECTOR. 
This  instnmient,  a  prodigy  in  its  day,  was  erected  at 
Slough  by  Sir  William  Herschel  in  1789.  It  penetrated 
into  space  far  beyond  the  limits  reached  by  any 
telescopes  before  it. 
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who  showed  that  they  were  the  natural  consequence  of  breaking  up  white  light,  whose  whiteness 
was  simply  the  combined  effect  on  the  eye  of  a  great  number  of  different  colours.  By  causing  a 
narrow  beam  of  white  light  to  pass  through  a  triangular  piece  of  glass,  called  a  "  prism,"  Newton 
demonstrated  that  the  beam  was  not  only  deflected  (i.e.,  refracted)  as  a  whole,  but  was  also  spread 
out  into  a  coloured  band.  This  spreading  out  of  white  light,  called  "  dispersion,"  was  due  to  the 
fact  that  the  prism  bent  each  coloured  ray  by  a  slightly  different  amount,  the  violet  ones  most,  and 
the  red  least  of  all.  We  shall  see  later  that  this  dissection,  or  picking  to  pieces,  of  white  light  was 
destined  to  be  of  tremendous  importance  and  value  to  astronomers,  but  at  present  we  are  most 
concerned  with  the  embarrassment  it  caused  in  the  Seventeenth  Century  to  the  would-be  improvers 
of  the  telescope. 

A  prism  seen  in  section 
has  a  thick  base,  and  its 
two  sides  are  inclined  so  as 
to  meet  at  a  point,  com- 
pleting the  triangle.  Now,  the 
big  lens  of  a  telescope  is  thick 
in  the  middle  and  its  surfaces 
taper  to  a  point  in  either 
direction  ;  so  it  can  be  con- 
sidered as  being  equivalent 
to  two  prisms,  placed  one  on 
top  of  the  other  with  their  bases 
together.  It  is  clear,  then, 
that  with  such  an  arrangement 
rays  of  different  colour  will 
suffer  a  different  amount  of 
bending.  Thus  a  picture  of  a 
violet  will  be  formed  nearer  the 
lens  than  one  of  a  geranium 
because  the  violet  rays  are  more 
strongly  bent  than  the  red. 
This  would  not  matter  much 
if  every  object  was  of  one  colour 
only.  But  we  have  seen  that 
all  colours  are  contained  in 
white  light,  so  that  we  shall 
have  a  regular  string  of  pictures 
of  a  white  object,  each  one  of 
a  slightly  different  hue.  If  we 
try  to  look  at  such  a  picture 
from  behind  (as  we  do  with  a 
telescope)  we  shall  see  all  these 
coloured  images  one  behind 
the  other  at  different  distances 
from  us.  The  result  is  a  chaotic  mixture  of  colours,  in  the  midst  of  which  is  an  indefinite  watery- 
looking  picture  of  the  object  we  are  trying  to  examine. 

This,  then,  was  the  great  drawback  to  the  construction  of  good  refracting  telescopes,  and  it  was 
not  overcome  for  a  hundred  and  fifty  years.  It  was  minimised  to  some  extent  by  making  telescopes 
extremely  long  (sometimes  several  hundred  feet),  since  this  had  the  effect  of  spreading  apart  the 
coloured  images  and  thus  causing  them  to  interfere  less  with  one  another.  Instruments  of  this  kind 
were  very  unwieldy  and  difficult   to  mount,  but  there  seemed  no  other  way  out  of  the  difficulty. 


i 

by  j-eimt^.,lunoJi  [^flu   HoyOi  Suciay. 

NEWTON'S    HOME-MADE    TEI,ESCOi;E. 

This  little  model  was  made  by  Newton  to  demonstrate  the  efficiency  of  an  instmment 

designed  on  the  lines  which  he  laid  down.    It  was  too  small  to  be  of  much  practical  use, 

but  it  was  the  forerunner  of  all  the  gitmt  reflectors  of  modem  times. 

possession  of  the  Royal  Society. 


It  is  now  in  the 
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P'"!"  t>y]  100-INCH    MIRROR.  [£•  ^-  '*■ 

The  principiU  mirror  of  the  recently  made  Hooker  Telescope  at  Mount  WUson  is  made 
of  glass,  13  inches  thick  and  over  100  inches  in  diameter.  Its  slightly  concave  upper 
surface  is  coated  with  an  exceedingly  thin  layer  of  silver  deposited  chemically.  Its 
great  weight  (4J  tons)  made  it  very  difficult  to  mount,  but  this  was  successfully 
accomplished,  and  the  completed  telescope  is  the  most  powerftil  in  the  world.  The 
great  mirror  collects  at  least  100,000  times  as  much  light  as  the  unassisted  eye.  (In 
the  illustration  most  of  the  mirror  is  covered  with  cotton  wool.) 


The  situation  was  only 
saved  by  the  introduction 
of  an  entirely  different 
principle  in  the  construction 
of  telescopes. 

The  old  troubles  had  all 
been  caused  by  the  light 
having  to  pass  through  glass 
lenses.  If  rays  could  only  be 
bent  by  some  other  method, 
all  would  be  well.  As  a  matter 
of  fact,  such  a  method  was  not 
far  to  seek,  for  curved  mirrors 
had  long  been  known  to  have 
the  property  of  bending  rays 
of  light  by  reflection,  and 
they  had  been  for  centuries  in 
use  by  alchemists  as  substi- 
tutes for  burning-glasses.  Un- 
fortunately, however,  their 
surfaces  were  curved  in  such 
a   way  as  to  prevent    them 


needed.  But  the  problem  was  solved  by  Hadley 
in  1723,  that  the  surface 
of  a  mirror  could  so  be 
shaped  as  to  form  a  clear 
image  of  a  distant  object  by 
reflection ;  moreover,  this 
image  was  entirely  free  from 
the  confusing  colours  pro- 
duced by  the  refractor. 
Many  years  before  this 
Newton  had  actually  made 
a  small  reflecting  telescope, 
though  with  the  mirror 
wrongly  curved.  It  only 
needed  improvement  to  the 
mirror  to  complete  its  effi- 
ciency, and  its  general 
principle  was  the  one 
adopted  by  Hadley. 

The  new  type  of  telescope 
was  not  developed  so  rapidly 
as  might  have  been  expected 
from  its  merits  of  perform- 
ance and  simplicity  of 
construction  ;  but,  towards 
the  end  of  the  Eighteenth 


producing    really    clear    pic- 
tures such  as  the  astronomer 
who  was  the  first  man  to  demonstrate  practicsdly. 


A  seve.nti:i;nth  civntury  tei,escope. 

In  order  to  minimise  certain  defects  of  the  Lenses  then  in  use  it  was  necessary,  in  the 
Seventeenth  Century,  to  make  Telescopes  of  enormous  length.     These  were  very  difficult 

to  mount  and  use. 


Photo  by  ptrmission  of]  [Tht  Royal  A  $tronomicai  Socitty. 

HOW    THE    CAMERA    TRIUMPHS    OVER    THE    EYE. 

This  delicate  veil  of  nebulous  matter,  situated  near  Orion's  Belt,  is  quite  invisible  to  the  eye  in  the  largest  telescope.    But  for 

the  photographic  plate  it  would  probably  have  remained  for  ever  imknown  to  us.     During  long  exposures,  often  lasting  many 

hours,  the  plate  accumulates  impressions  and  stores  them  up  in  its  sensitive  surface,  whereas  the  eye  sees  only  what  is  bright 

enough  to  affect  it  immediately,  and  rather  loses  than  gains  by  protracted  gazing. 
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Century,  William  Herschel  began  to  make  really  large  instruments  on  the  Newtonian  principle. 
Starting  with  mirrors  of  about  six  inches  diameter,  he  ended  by  making  one  that  was  no  less  than 
four  feet  across.     This  great  access  of  telescopic  power  placed  him  in  a  unique  position  among  his 
contemporaries,  and  he  made  the  fullest  use  of  it.   Since  his  day  still  larger  reflectors  have  been  made, 
culminating  quite  recently  in  the  gigantic  telescope  of  the  Moimt  Wilson  Observatory,  whose  mirror  is 
just  over  100  inches,  or  more  than  eight  feet  in  diameter.   Up  to  the  middle  of  the  Nineteenth  Centiuy, 
telescope  mirrors  were  made  of  metal,  an  alloy  of  copper  and  tin  being  used.  This  material  was,  however, 
very  liable  to  tarnish,  and  repolishing  was  a  difficult  and  delicate  undertaking.       In  the  present 
day  the  mirrors  are  made  of  glass,  on  the /ace  of  which  a  thin  film  of  silver  is  deposited  chemically. 
This  film  is  liable  to  tarnish, 
but  can  easily  and  quickly 
be  renewed  when  it  does  so. 
We  must  now  return  to 
the  refracting  telescope,   in 
which    great    improvements 
had  been  made  while  Her- 
schel  and   others   were   de- 
veloping the   reflector.     An 
EngUshman,    Chester    Moor 
Hall,  had  suggested  that,  by 
combining  two  kinds  of  glass, 
rays    of    nearly    all    colours 
could  be  brought  to  practi- 
cally the  same  point  ;    and 
another    Englishman,    John 
Dollond,    was    the    first    (in 
1768)  to  make  this  generally 
known.      The   telescopes 
which  he  made,  though  quite 
short,    were   found    to   give 
images    comparatively    free 
from  false  colour,  and  were  a 
vast    improvement    on    the 
ungainly    monsters    of    the 
Seventeenth  Century.  Mean- 
while,  also,   the  making  of 
optical     glass     was     being 
rapidly  developed,  especially 
in  Switzerland  and  France, 
and  early  in  the  Nineteenth 
Century  telescopes  of  Dol- 
lond's      type      reached      a 
diameter    of    eight    or    ten 
inches.       Such  instruments 
were     known     as     "  achro- 
matic," that  is,  "  free  from 
colour."     Still  better  results 
have  of  late  years  been  ^tainefi  by  TOe  use  of  three  lenses,  but  object-glasses  of  this  type  are- 
very  expensive,  and  the  ordinary  two-lens  combination  of  Dollond  is,  with  slight  modifications,  the 
one  usually  employed  to-day.     Glasses  of  this  kind  have  been  made  in  all  sizes  up  to  forty  inches. 


Photo  by]  [1  tu  i  erHei  xjo^ervawry, 

POLAR  STAR  TRAILS. 
This  photograph  was  the  result  of  pointing  an  ordmary  field  camera  towards  the  northern 
sky  and  leaving  it  in  the  same  position  for  about  an  hour.  During  the  exposure  the 
Earth,  carrying  the  camera  with  it,  has  been  rotating,  and  this  has  caused  the  stars 
to  trail  on  the  plate.  The  short,  bright  trail  near  the  centre  was  made  by  the  Pole 
Star  itself,  which  is  very  near,  but  not  exactly,  at  the  North  Celestial  Pole,  the  point 
to  which   the   Earth's   axis  is  directed. 
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THE  COXSTEi:,I,ATIOX 

PERSKUS  SEKX  WITH 

THE  NAKED  EYE. 

Very  few  stars  arc  visible  and 

prolonged     gazinj^     will     not 

increase  the  nuinl)cr. 

where  a  steady 
image  is  essential. 
An  astronomical 
telescope  is  really  a 
more  simple  instru- 
ment than  the 
common  pocket 
spy-glass.  If  we 
take  one  of  the 
latter  to  pieces  we 
shall  find  no  less 
than  four  glasses 
between  the  eye  and 
the  large  lens.  The 
astronomer  is  con- 
tent with  two,  or 
sometimes  only  one. 
By  this  more  light 
is  gained,  but 
objects  are  always 
seen  ufj^de  down. 
A  question  nearly 
always  asked  by 
visitors  to  an  ob- 
servatory is :  "  How 
much  do  these  large 
telescopes  mag- 
nify ?  "  No  simple 
answer  can  be  given 
for  the  magnifying 
power  depends  upon 
the  eye-piece,  and 
the  astronomer  can 
obtain   almost   any 


Our  modern  observatories  are  equipped  with  both  refracting  and 
reflecting  telescopes.  Each  possesses  special  advantages  which  make  it 
suitable  for  particular  kinds  of  work.  The  chief  merit  of  the  reflector 
is  that  it  can  be  made  in  very  large  sizes,  principally  because  glass  of  only 
one  kind  is  used,  and  its  transparency  and  general  quality  are  not  of  very 
great  importance.  The  images  yielded  by  the  reflector  are  entirely  free 
from  false  colour,  and  this  makes  the  type  particularly  useful  for  photo- 
graphic work.  On  the  other  hand,  reflectors  are  apt  to  be  affected  in 
their  performance  by  changes  of  temperature,  and  their  open  tubes 
encourage  the  formation  of  air-currents,  which  are  harmful  to  critical 
definition.  These  drawbacks  do  not  apply  in  the  same  degi  ee  to  refracting 
telescopes.  We  may  sum  up  by  saying  that,  in  general,  reflectors  are 
used  where  the  maximum  collection  of  light  is  desired,  while  refractors 
are  preferred  for  the  examination  of  minute  details  with  high  powers, 
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AfU-r  a  Vlv,li,«:aphu  Cluiii  'J>y  J-  PMsa  ami  Mai  Wolf. 

A    PHOTOGRAPH    Ol-    THE    COXSTEW.ATION    PERSEUS. 

The  same  stars  shown  in  the  small  sketch  will  be  recotinised,  with  the  addition  of  thousands  of 

fainter  stars,  all  simultaneously  recorded  in  their  correct  places.     The  plate  was  exposed  for  about 

an  hour,  and  many  more  stars  would  be  recorded  by  a  longer  exposure.     The  relative  brightness. 

of  the  stars  can  readily  be  deduced  by  measurin;;  the  diameters  of  their  images  on  the  plate. 
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Tin;  i-.K>x.\V  0OM»  T  OV   ISSS 

)\<T«>-«t  v^v  (t  !<\M!S<«>t<vl  t\»  SJr  l>*vhl  <.'M\  (whi>  Wok 
vN^tia  tv  iu|vivl<v  itnvt  AvVMMMy  ouTicvl  vwt  hy  m«MM 

that  thoy  Ci>u  Iv  ilirxH^tnl  to  *ivy  p*rt 

m<vh,u>»s««  kivps  thc«\  jHMUtcti  ciw- 
tuuu>«dy  vM»  any  vIosiiyvI  object  in  sjvto 
of  tho  notation  i^(  tho  oarth. 


Wo  havo  s|H»kon  i^  tho  tdos»\>jv  as 
lvi»\j;  in  ixNAlvty  a  js»|il»"'»»'  '"W ;  but, 
strictly  sjHNAkiiij;.  it  is  only  half  an  <fy«?. 
Hvn\un  visivw  is  tH>t  n^erdy  tho 
tort\wti\H\  v^f  a  jMctnr<^  '^\  ^  'tM^s,  fiv 
such  a  \Motx»ro  is  v'qviN  \\hejt  it 

Iws  th*-  sfnsitiw  surtavY  ot  the  retitu 
to  fall  ujxw.  All  that  the  tolt»soop(?, 
as  vlesvTiN^l  so  far.  ai\\Mnj\lisl><«»  ts  to 
jwinitW  o\»r  e\v  with  a  much  l\ii>^jr 
l«t>s.  It  d<vs  not  gi\Y  us  a  n\iMV 
set^sitiw  ivtitw.  and  in  obst-iAiixg  wv 
WM  th«>  iMK  \XY  havT  alrtwily.  But 
th*Tf  is  a  w^y  in  n-hich  wv  can  vx-««f>l<>t<> 
the  rvwmblanvY  of  the  teles«.\vjH^  to  the 
e_\Y,  fw  th<>  s\~ienvv  of  th^^  KiiM^tt^itth 
Oent\ir\-  haspwn  vjsinlhe  j>hot<\(sr*phK 
jxlatc  a  new  and  artifidal  letina  of  jrxNkt 


jH>\wr  he  likes  by  sim|tle  subjttitutiou  of  this  tritling 
pnH-e  of  appiiratus.  But  for  evexy  telescope  there  wll 
always  Ih-  a  n^avinuun  i>o\vor  that  can  usefuUy  l>e 
imploytnl,  and  tl>is  will  dciK-nd  on  the  siie  of  the 
object-fjlass  or  large  mirror.  Only  a  certain  amount  of 
li^ht  is  available,  and  we  shall  j;ot  a  very  dim  pictur»» 
it  we  spread  it  out  t>H>  much.  Morctner,  theair  thrt^u^h 
which  \\v  are  U>oking  is  ncai  1\'  alw5»\"s  in  a  state  of  mote 
or  less  agitation,  and  the  tUstortion  thus  produced  in 
Uic  image  will  only  be  increased  if  we  magnify  it  to 
cxvcss,  In  brief,  it  m.u  ! ,  viid  that,  while  powers 
between  l.tHH)  and  S,(HH>  .iic  \ory  iMvasionally  used  on 
the  largest  tclescoiH>s,  lenses  an-  tmwt  generally  chosen 
which  will  enlarge  the  apjxirtMvt  ihameter  of  an  object 
fn»n\  UH)  to  7tH>  tinges  ;  the  actual  jwwer  sekvtixl  will 
depend  on  the  sine  of  the  teJescojH-,  the  comlition  of 
I  ho  .»tnuvsphen\  and  the  natuiv  of  the  objeit  examined, 
lor  vMmjxuisott,  it  will  K-  nvalKnl  that  an  iwdinary 
prisnt-biniHular  nvagniliesalHmt  eight  ihann^ters.  LArgc 
telesa>j>es  ar\\  with  t^ertain  exceptions,  so  motmted 


.  TUB  &TANDAR»  **  ASTRcXVR.VrtUC  "  TKUtSCOTE. 
»»y  mMWM  trf  wx  i»»«n»nwt>t  vrf  this  khht  ttw  H<*\xt«»  <»«  t»  MMiiitot 
j*i^\«r*|*k"«H>-  in  sn>*U  se\t»v>«»»  ndth  «'«>*  <KVun»cy,  The  type 
«)tt>xra  x»*»  tiMl  AvK>i>t«vl  to  l*«T  IW  we  to  IS  v*«rv*tvMic*.  *.-•»»««» 
«tti\>««it(v>«t  tlie  xnvrtvt.  T**  SNfit  flWtaCMi^Mo  «tW»  thut  «•»  h>  io«>»« 
t^^M  tM*  )» iMI  iMC\VM)>)r<«. 


FKAU.NHUI'JiK. 
Ai/lerl  by  iuiprr/vemcnU  in  the  m.-mufacture  lA  optical  gloM, 
I'raushofCT  xreatly  (ievcl'/i»cl  tiic  r^ractiof  tdocope  tarly 
in  t»«e  NincUcntli  Century.  Keiuittiefl^tnuin  tnnuip  tbc 
datic  line*  in  tlie  tuAu  »pectia||f,  ati't  lii^  name  in  utill 
aiwk<-i-it<r<l  Mritll  tlmii,  * 


KIKCIIJIUFI'. 

Kir<.'liti'<f(    invi^tiKatci     tile    f''"'''''''     prcnente'l    iry     tiie 

"I'ruunlvrfcr  line*"   in  tlie  fk>lar  ftpectruin,  ami   wa»  tiie 

fimt  t<j  explain  tlieni  at  being  ''iir  to  tlic  ga*c*  'tt  wdlkninvn 

element*,  pre«ent  la  the  Hun't  atmoophcre. 


rir;:,si',N. 

Bmuen  wa*  ■wocinted  with  Kirdibbfl  in  inve*Ut(ati'/n» 
coDDectcd  with  tpectnim  analyii*.  He  invcnte'l  a  type  nf 
gM-bnner  whicb,  prrxlucioK  a  hot  flame  rrf  low  Itunin/xity, 
facilitated  the  vapr^iaation  lA  varies*  »ub*tancc«  an<l  the 
ttudy  of  their  apectra. 


HUOGIN8. 

Hir  Williiini  Huf(gin*  wait  the  flrit  man  to  make  a  detailed 

(tudy  <A  the  spectra  of  tlie  *tar*,  and  mijAetn  (tcUar  uptetn^ 

■copy  i*  a  derdopment  of  hi*  pioneer  worlc.    He  WM  tte  fttat 

to  prove  that  certain  nebobe  are  truly 


Pholo  by]  [Tkt  Licit  Observatory. 

A    PHOTOGRAPH    OF    THE    REGION    OK   THE    LUNAR    CRATER    "  PTOLEMY." 
Photography  of  the  Moon's  surface  is  chiefiy  of  use  in  fixing  the  outlines  and  relative  positions  of  the  various  features.  Photo- 
graphs such  as  the  one  above  serve  to  give  a  very  good  general  i<lLa  of  lunar  landscapes,  but,  though  taken  with  large  telescopes, 
they  fail  to  show  detail  that  can  readily  be  reached  by  the  eye  with  much  smaller  instruments.    Thus,  for  limar  and  planetary 
work,  photography  is,  in  general,  less  useful  than  in  the  study  of  faint  stars  and  nebula;,  where  its  advantages  over  yisual 

methods  arc  unmistakable. 
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DRAWING    OF      "  PTOI^EMY  ' 

AND  ITS  NEIGHBOURS. 
This  sketch  represents  an  attempt 
to  delineate  at  the  telescope  the 
general  outlines  of  the  craters  seen 
in  the  centre  of  the  preceding 
photograph.  The  result  is  far  from 
accurate,  and  much  valuable  time 
is  wasted,  which  would  have  been 
better  employed  in  filling  in  the 
details  absent  from  the  photo- 
graph. The  latter  was  secured  in 
a  single  second  of  time. 

revival  of  interest  in  celestial  photography ; 
for  it  was  now  possible  to  extend  the 
grasp  of  the  camera  to  include  the 
feeble  light  of  the  fainter  stars,  which 
had  hitherto  been  out  of  reach.  The 
importance  of  this  may  not  be  apparent 
to  the  reader  at  first  sight,  and  even 
the  astronomers  themselves  were,  for 
the  most  part,  slow  to  realise  it.  Prob- 
ably the  first  man  to  appreciate  its  full 
significance  was  Sir  David  Gill,  then  Her 
Majesty's  Astronomer  at  the  Cape.  In  the 
year  1882  he  secured  some  very  beautiful 
photographs  of  the  great  comet  which  was 
then  visible.  On  developing  the  photographs 
(which  were  taken  with  an  ordinary  camera). 
Gill  was  struck,  not  merely  by  the  successful 
portrayal  of  the  comet,  but  also  by  the 
large  number  of  faint  stars  which  had  been 
recorded  along  with  it,  and  he  at  once 
reahsed  the  important  fact  that,  in  photo- 
graphing the  comet,  he  had  simultaneously 
secured  an  excellent  chart  of  a  large  portion 
of  the  Heavens. 


sensitiveness.  We  have  only  to  combine  this  artificial  retina  with  a 
lens  which  will  throw  a  picture  upon  it,  and  we  at  once  have  a  real 
model  of  the  eye  on  a  large  scale.  Such  a  combination  is,  of  course, 
familiar  to  us  all  as  the  photographic  camera. 

The  cameras  to  which  most  of  us  are  accustomed  are  small  affairs, 
generally  from  a  few  inches  to  a  couple  of  feet  in  length,  but  we  should 
bear  in  mind  that  the  combination  of  a  plate  with  a  lens  of  any  size 
or  focal  length  still  constitutes  a  camera.  Thus,  if  we  remove  the 
eye-piece  of  a  giant  telescope  and  substitute  a  photographic  plate, 
we  at  once  produce  an  instrument  which  is  just  as  much  a  true 
camera  as  is  our  little  pocket  kodak. 

The  possibility  of  using  photography  as  a  means  of  portraying 
celestial  objects  occurred  veiy  early  to  the  pioneer  workers.  In  fact, 
some  of  these  pioneers,  including  Sir  John  Herschel,  were  themselves 
astronomers  of  distinction.  The  great  bar  to  progress  in  these  early 
days  was  the  lack  of  sensitiveness  of  the  old  "wet"  plate.  In 
consequence  of  this,  only  the  brightest  objects,  such  as  the  Sun  and 
Moon,  could  be  properly  photographed.  Moreover,  the  pictures 
produced  by  the  new  method  showed  much  less  detail  than  could  be 
seen  by  the  eye  at  the  telescope  ;  and  so  for  many  years  celestial 
photography  was  regarded  as  little  more  than  a  scientific  curiosity,  of 
veiy  small  practical  value' to  the  astronomer.  But  the  whole  aspect 
of  affairs  was  changed  by  the  advent  of  the  dry  plate,  which  was 
not  only  much  more  sensitive  than  its  wet  predecessor,  but  was  far 
more  easy  to  handle.     The  result  of  this  new  improvement  was  a 


From  "Astronomy  for  All."]      [By  permission  of  Messrs.  Casscll  &  Co.,  I. Id. 

EXAMINING    AND    MEASURING    A    CEI<ESTIAI< 
PHOTOGRAPH. 

Once  a  photograph  of  the  sky  has  been  taken,  it  remains  as  a 
permanent  record,  and  can  be  at  any  time  submitted  to  minute 
examination  and  measurement.  Special  machines  are  designed 
for  this  piirjiose  and,  at  Harvard  and  elsewhere,  much  of  the  work 
is  done  by  women. 
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Pioloby]  [T)u  Verkcs    umervatory. 

THE  BRUCE  PHOTOGRAPHIC  TEIvESCOPE  OF  THE 

YERKES   OBSERVATORY. 

This  instnunent  was  specially  designed  for  the  photography 

of  the  Milky  Way,  and  magnificeiit  pictures  of  the  latter 

were  obtained  with  it  by  the  late  Professor  Barnard. 

thus  eliminated,  and  we  may  be  sure  that  each 
star  is  in  its  right  place.  This  much  Gill 
reahsed,  but  he  also  saw  that  his  pictures  were 
on  so  small  a  scale  that  the  positions  of  the  stars 
recorded  on  them  could  not  be  measured  with 
the  exactness  required  by  astronomers.  Indeed, 
it  seemed  rather  doubtful  whether  such  minute 
accuracy  could  ever  be  secured  by  photographic 
means,  even  with  much  larger  instruments.  But 
meanwhile  this  very  matter  was  being  investi- 
gated by  the  brothers  Henry  at  the  Paris 
Observatory.  After  various  preliminary  experi- 
ments they  constructed  a  special  lens  13  inches 
in  diameter,  and  fitted  it  to  a  camera  over 
11  feet  long.  This  gave  a  much  larger  scale  to 
the  photographs  than  the  small  cameras 
hitherto  used,  and  it  was  found  that  the 
positions  of  stars  could  be  measured  on  the 
plates  with  an  accuracy  comparable  to  that 
attainable  by  the   old  visual   methods.     The 


Now,  the  accurate  mapping  of  the  stars  in  the  sky 
has  always  been,  and  still  is,  of  fundamental  impor- 
tance to  astronomers,  for  it  enables  them  to  fix  exactly 
the  positions  of  the  wandering  planets,  and  also  to 
detect  changes  and  movements  among  the  stars  them- 
selves. But  the  making  of  a  good  star-chart  is  not 
a  simple  matter.  The  position  of  each  star  has  to  be 
measured  separately,  which  takes  a  very  long  time  if 
the  chart  is  to  include  many  faint  stars  :  and  even 
when  the  work  is  over,  there  are  bound  to  be  errors 
of  measurement  and  recording  which  are  difficult  to 
check.  It  will  be  readily  seen  that  the  case  is  ver}' 
different  when  a  chart  is  made  by  means  of  photog- 
raphy, for  the  process  is  now  automatic.  A  thousand 
stars  may  simultaneously  record  themselves  upon  one 
plate  in  the  course  of  a  few  minutes,  which  means  a 
great  saving  of  time.     The  personal  element,  too,  is 


trvrn  "  A MoirlWgf , "  by  permission  o/]  [The  Astronomtr  Royal. 

THE     THOMPSON     TELESCOPE,     ROYAL     OBSERVATORY, 

GREENWICH. 
This  gigajitic  camera,  26  inches  in  aperture,  and  22^  feet  long,  is 
chiefly  employed  for  the  determination  of  stellar  distances.  The 
plates  taken  with  it  are  on  a  large  scale,  and  can  be  measured  with 
verj'  great  accuracy.  A  visual  telescope,  of  smaller  size,  is  mountetl 
alongside  of  the  large  camera  to  facilitate  accurate  guiding  of  the 
instrument  during  the  time  of  exposure. 


t/t    V    iJ 


I 


mmmn 

From  "  Knouledgc."  by  permission  of]  [THelYcrkis  Observatory. 

NEBULOSITY    IN    THE    PLEIADES. 
The  stars  forming  this  well-known  duster  are  involved  in  nebulosity  of  a  tenuous  wispy  character.     Some  of  this  is  just  faintly 
visible  in  a  large  telescope,  but  most  of  it  is  beyond  the  rcadi  of  the  eye,  partly  because  of  the  dazzling  effect  of  the  bright  stars. 
The  photographic  plate  is  not  affected  in  this  way  except  very  near  to  the  images  of  the  stars,  and  a  perfect  picture  of  the  faint 

nebulosity  is  obtainaljlc  with  a  sutTicicntly  long  exixisure. 
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only  drawback  was 

that,    with    such    a 

large   scale,  only 

a  very  small  por-  ~^ 

tion  of  the  sky  could 

be  photographed  at 

one  time.     In  fact, 

it  would  require  ten 

thousand  plates  to 

cover    the  entire 

sky,  and  the  labour 

of  taking  even  half 

of     these     and    of 

measuring  the  mil- 
lions of  star-images 

upon    them    would 

be  far  too  big  a  task  for  one  observatory  to  accomplish.  Accordingly,  the  co-operation  of  other  astrono- 
mers was  invited,  and,  at  a  conference  held  in  Paris  in  1887,  it  was  arranged  that  18  separate  observatories 
should  join  in  a  systematic  scheme  for  photographing  the  entire  sky,  each  using  an  instrument  similar 
to  that  of  the  Henry  brothers.  To  this  day,  unhappily,  the  scheme  remains  unfinished,  but  what  has 
been  done  has  amply  demonstrated  the  soundness  of  the  methods  employed,  and  much  information 
of  great  value  has  already  been  derived  from  the  plates  taken.  The  great  merit  of  such  a  chart  is  its 
extreme  accuracy,  due  to  the  length  of  the  camera  employed.  But,  for  some  of  his  purposes,  the 
astronomer  needs  merely  a  picture  of  a  portion  of  the  sky  and  is  not  concerned  with  the  exact  positions 
of  the  stars  on  it.  He  then  makes  use  of  a  different  kind  of  photograph,  taken  with  a  comparatively 
small  camera,  whose  length  may  be  anything  from  a  few  inches  to  about  four  feet.  With  such  an 
instrument  large  portions  of  the  sky  can  be  photographed  at  the  same  time  on  one  plate,  the  scale 
being  so  small.  In  fact  the  whole  sky  can  be  charted  on  quite  a  small  number  of  plates  by  one  man 
n  a  reasonable  time.    This  was  actually  done  some  years  ago  by  the  late  Mr.  Franklin  Adains,  whose 


NORTHEIIN    PORTION    OF    ORION. 

This  is  the  view  obtained  by  the  eye.     The 

prominence  of  the   great    star  Betelgeuse,  in 

the  "  Giant's  Shoulder,"  will  be  noted. 


PHOTOGRAPH  OF  NORTHERN  PORTION 
OF  ORION. 

This  shows  how  feebly  a  red  star  affects  the 
photographic  plate.  Betelgeuse  appears  here  as 
a  comparatively  faint  star,  owing  to  its  redness. 


Violet 


Indico 


Blue 


Green 


Yellow       Orance    Red 


EJUSSION    SPECTRA. 
A  glowing  gas  owes  its  light  to  rays  of  comparatively  few  colours,  whereas  incandescent  solids  (as  the  carbon  particles  in   a 
candle  flame)  give  out  light  of  all  colours.    A  prism  applied  to  either  type  of  light  will  produce  what  is  known  as  an   "  emission  " 
spectrum,  but  in  the  case  of   the  candle  flame  the  number  of  colours  present  is  almost  infinite,  so  that  the  images  overlap. 

Such  a  siwctrum  is  said  to  be  "  continuous." 
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206  charts,  covering  the  entire  sky,  have  proved  of  great  value  to  astronomers.  At  the  Harvard 
College  Observatory,  in  America,  a  camera  only  about  a  foot  long  is  in  use  on  every  fine  night,  and 
by  its  means  every  part  of  the  sky  visible  from  that  latitude  is  photographed  several  times  each  year. 
This  method  of  repetition  is  of  great  value  for  the  detection  of  changes  in  the  light  of  the  stars,  and 
many  "  new  "  or  temporary  stars  have  been  brought  to  light  in  this  way.  Photography  is  now  very 
largely  used  for  determining  the  relative  brightness  of  the  stars.  Great  accuracy  is  attainable  by  this 
method,  but  the  results  are  not  directly  comparable  with  those  obtained  by  the  eye.  The  differences 
are  due  to  the  colours  of  the  stars,  which  affect  the  plate  and  the  eye  in  an  unequal  manner.  Thus, 
for  instance,  red  stars  are  much  fainter  on  a  photograph  than  they  appear  visually.  The  difficulty  is 
now  being  overcome,  but  at  the  expense  of  a  good  deal  of  extra  labour  in  elaborating  the  methods  used. 


HOW   A    "PURE"    SPECTRUM    IS   FOR»IED. 

To  prevent  overlapping  of  the  coloured  images  seen  through  a  prism  the  light  is  made  to  pass  through  a  narrow   slit.     The 
cxilours  are  then  seen  more  nearly  separate,  and  the  spectrum  produced  is  said  to  be  pure.     The  degree  of  "  purity  "  increases 

as  the  slit  is  made  more  narrow. 


Photography  has  of  late  years  been  very  successfully  apphed  to  the  portrayal  of  the  surfaces  of 
the  Sun,  Moon,  and  planets,  but  it  has  not  been  found  possible  to  photograph  with  any  telescope 
details  that  are  too  minute  to  be  seen  with  much  smaller  instruments.  The  value  of  the  photographs 
consists  rather  in  the  rapidity  with  which  the  records  are  obtained,  and  in  the  general  accuracy  of  the 
pictures.  Thus,  in  the  case  of  the  Moon,  a  good  photograph  will  serve  to  fix  once  and  for  all  the  relative 
positions  of  the  various  featvues  and  their  general  outline.  It  is  left  for  the  visual  observer  to  fill  in  the 
details  that  are  too  small  to  be  photographed. 

Thus  far  celestial  photography  has  been  considered  rather  in  its  aspect  of  a  labour-saving  device 
for  the  astronomer,  who  could,  by  expending  much  time  and  trouble,  do  most  of  the  work  nearly 
as  well  by  visual  means.  But  the  sensitive  plate  has  certain  properties  which  render  it  definitely 
superior  to  the  eye  in  some  other  departments  of  astronomical  work.  Our  eyes  can  only  perceive 
light  that  is  of  a  certain  intensity,  and  objects  fainter  than  this  are  invisible  to  us.      Prolonged  gazing 


By  permtsston  of] 


THE   SUN'S   ATMOSPHERE    OF    HYDROGEN. 


[E.N.  A. 


Such  a  photograph  as  this  would  have  been  quite  impossible  to  obtain  without  the  aifl  of  the  Spectroheliograph,  whose  action  is 

described  and  illustrated  on  another  page.    The  layer  of  Hydrogen  flames  which  covers  the  whole  Sun  is  quite  transparent,  and  is  far 

too  faint  to  be  seen  against  the  glare  of  the  solar  surface.    By  means  of  the  Spectroheliograph  the  faint  light  given  out  by  the  Hydrogen 

can  be  isolated  an<l  used  entirely  by  itself  to  produce  a  photograph  such  as  the  one  above. 


PRISM 


NARROW 
SLIT 


SOURCE 
OF  LIGHT 


PRINCIPLE    OF    THE    SPECTROSCOPE. 

The  rays  which  pass  through  the  narrow  slit  are  made  parallel  by  means  of  a  lens.     They  then  pass  through  a  prism  which 
disperses  them  into  a  spectrum.    The  latter  can  be  examined  with  a  small  telescope  (as  shown  in  the  illustration)  or  focussed 

upon  a  plate  by  a  photograpliic  lens. 


<ii  THE    THREE    GREAT^YPES    OF    SPECTRUM. 

An  incandescent  solid  gives  out  light  of  all  colours  and  shields  a  "  continuous  "  spectrum.  A  glowing  gas  gives  a  spectrum 
of  a  few  bright  lines  of  certain  deiinite  colours.  But  the  same  gases,  when  shining  in  front  of  a  hotter  body  that  is  giving  a 
continuous  spectrum, have  their  bright  lines  " reversed,"  or  made  dark,  and  are  then  said  to_producc nu  " absorption  " spectrum. 
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makes  matters  worse  rather  than  better,  since  the  eye,  like  the  rest  of  the  body,  is  subject  to  fatigue. 
The  case  of  the  photographic  plate  is  different,  for  it  continues  to  pile  up  its  impressions  all  the  time 
that  it  is  exposed.  A  star  that  is  too  faint  to  be  recorded  in  a  few  seconds  of  time  will  continue  to 
bombard  one  small  spot  on  the  plate  with  its  feeble  Ught  until  the  sensitive  film  at  last  begins  to  be 
affected.  And  the  process  will  not  stop  here,  for  the  plate  never  gets  tired,  and  wiU  continue  almost 
indefinitely  to  respond  to  the  bombardment  until  an  image  of  great  intensity  is  produced.  It  follows, 
then,  that  very  faint  objects,  such  as  most  of  the  nebulse,  are  better  studied  by  photography  than 
by  the  eye.  All  that  is  required  is  a  large  telescope,  preferably  a  reflector,  and  an  exposure  whose 
length,  varying  with  the  brightness  of  the  nebula,  may  be  anything  from  a  few  seconds  to  several 
hours.  In  this  way  have  been  secured  wonderful  pictures  which  have  entirely  revolutionised  oiu: 
knowledge  of  bodies  of  this  kind.     Some  of  this  increase  of  knowledge  could  have  been  secured  by 
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THE    BRUCE    SPECTROGKAPII,    YERKKS    OBSERVATORY. 


tJuyervOM/ry. 


This  picture  shows  how  a  photographic  spectroscope  cau  be  attached  to  a  large  telescope  in  place  of  the  usual  eye-piece.  The 
positions  of  the  prisms  are  clearly  shown  by  their  triangular  metal  mountings.  The  U-shape  of  the  whole  instrument  is 
necessitated  by  the  bending  of  the  Light  as  it  is  dispersed  by  the  prisms,  and  the  rays  finally  forming  the  spectrum  are 

opposite  in  direction  to  the  original  beam. 


greatly  increasing  the  size  of  visual  telescopes  (if  this  were  possible),  but  certainly  not  all  of  it,  for 
many  of  the  rays  which  affect  a  plate  are  beyond  the  range  of  human  vision,  however  bright  they 
may  be.    A  mere  increase  of  the  size  of  the  telescope  can  never  make  them  visible. 

Any  ordinary  camera  can  be  used  to  secure  photographs  of  the  stars,  or  at  any  rate  of  the  brighter 
ones.  It  is  only  necessary  to  focus  the  camera  for  distant  objects,  insert  a  plate  or  film,  and  point 
the  apparatus  to  the  sky.  But,  with  an  exposure  long  enough  to  be  of  much  use  (say  five  minutes),  the 
result  will  be  a  series  of  Unes  where  the  small  star-points  should  be.  This  is  an  effect  of  the  rotation 
of  the  Earth,  which  has  moved  the  camera  bodily,  leaving  the  stars  behind.  So  the  astronomer,  to- 
obtain  a  clear  picture,  must  always  keep  his  camera  in  steady  motion  so  as  to  point  continuously  at 
the  stars  being  photographed.    This  is  done  by  mounting  the  camera  alongside  of  a  telescope  driven 
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From  "Astnnomy  for  Boy  Scouts  and  Othtrs.-  J  [By  permission  of  Messrs.  C.  A  rtkur  Pearson.  Lid. 

THE    SOI,AR    SPECTRUM. 

The  background  of  the  Sim's  spectrum  is  continuous  in  the  main,  but  it  is  crossed  by  numerous  dark  lines, 

due  to  absorption  of  certain  rays  by  the  gases  of  the  solar  atmosphere.     These  gases  can  be  identified   by 

comparing  the  positions  of  the  lines  with  those  furnished  by  the  same  elements  in  our  laboratories. 

by  clockwork,  and  during  the  whole  exposure  the  operator  must,  by  inspection  through  the  telescope, 
see  that  the  apparatus  is  being  properly  driven  by  the  mechanism.  If  things  are  not  going  smoothly 
the  movement  of  the  clock  can  be  altered,  or  the  plate  itself  shghtly  shifted. 


The  amount  we  can  learn  about  the  heavens  by  the  use  of  the  telescope  and  camera  is  truly 
astonishing,  for  these  instruments,  helped  by  mathematics,  have  revealed  to  us  the  jwsition,  distance, 
shape,  size,  weight,  colour  and  brightness  of  bodies  that  are  millions  of  miles  away  from  us.  But 
they  leave  one  all-important  question  unanswered.  No  amovmt  of  mere  gazing  at^  star  can  tell  us 
with  certainty  what  it  is  made  of ;  and  the  astronomer  of  a  hundred  years  ago,  armed  with  telescope 


alone,  had  to  say,  like  the  child 
what  you  are  !  "  'He  could,  it  is 
the  very  appearance  of  certain 
Actually  hapdle  them,  he  was 
app>earances  were  deceptive, 
teenth  Century,  a  discovery  was 
him  with  the  answer  to  his  ques- 
covery  was  that  there  exists  a 
ical  (and  t)hysical)  nature  of  a 
the  light  "which  it  emits.  The 
astronomer  will  be  clear  enough, 
means  of  studying  the  nature  of 
nccting  link  with  him  was  their 
We  haVe  already  seen  how  a 
by  a  different' amount,  so  that, 
prism,  we  can  see  just  how  many 
we  examine  any  white-hot  solid 
or  carbon — with  a  prism,  we 
all  the  colours  of  the  rainbow, 
a  spectrum.  But  this  is  not  the 
throw  some  salt  into  a  spirit- 
light,  which  is  really  the  glow- 
Looking  at  this  flame  through 
instead  of  a  rainbow-band  of 
seen,  as  by  direct  view  without 
that  Sodium  gas  gives  light  of 
such  as  Hydrogen,  give  out, 
several  colours,  so  that  we  shall 
flames,  each  of  a  different  tint, 
different  place,  since  the  prism 
and  there  will  be  large  dark 


AN  OBJECTIVE  PRISM. 
By  motmting  a  large  prism  in  front  of 
the  "  objective,"  or  large  lens,  of  a 
telescope,  the  spectra  of  many  stars  can 
l>e  photographed  simultaneously.  No 
slit  is  required  owing  to  the  smallness 
of  the  stars'  images. 


in  the  rhymfe  ;  "  How  I  wonder 
true,  make  ^rewd  guesses  from 
objects,  but,  as  he  could  not 
never  quite  sure  how  far  these 
But  in  the  firsj  half  of  the  Nine- 
made  which  eventually  supplied 
tion.  The  essence  of  this  dis- 
connection between  the  chem- 
substance  and  the  character  of 
importance  of  this  to  the 
for  now  was  opened  up  to  him  a 
distant  bodies  who.se  one  con- 
light. 

prism  bends  light  of  each  colour 
by  looking  at  a  hght  through  a 
colours  are  really  present  in  it.  If 
substance — such  as  steel,  lime, 
shall  see  that  its  light  contains 
spread  out  into  a  ribbon  called 
case  with  a  glowing  gas.  If  we 
flame  we  shall  produce  a  yellow 
ing  vapour,  or  gas,  of  Sodium, 
a  prism  we  shall  find  that, 
colours,  a  single  yellow  flame  is 
the  glass.  This  simply  means 
one  colour  only.  Other  gases, 
when  heated,  Light  rays  of 
see  through  the  prism  numerous 
Each  flame  will  appear  in  a 
bends  the  colours  unequally ; 
spaces  between  them,  showing 
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CALCIUM   CLOUDS    ON    THE    SUN. 


Beneath  the  Sun's  layer  of  Hydrogen  (shown  in  an  earlier  illustration)  and  nearer  to  his  bright  surface,  are  found  vast  cloud-like  masses  of 
Calcium,  reduced,  like  all  other  elements,  to  the  gaseous  condition  by  the  fierce  heat.  These  Calcium  clouds  are,  like  the  Hydrogen  layer, 
quite  invisible  to  direct  observation,  and  for  the  same  reason.     In  order  to  secure  this  photograph  all  rays  were  excluded  by  the  Spectro- 

heliograph,  save  those  given  out  by  the  glowing  Calcium  vapour. 
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rrom    ■  J  nt  h^uvctts  and  Ttuir  biury." 
By  courtesy  of  the  Epworlh  Press. 
THE    GREENWICH    PHOTOHELIOCRAPH. 
This  small  tdescope  is  used  daily  at  the  Royal 
Observatory  for  securing  photographs  of  the 
Sun  and  his  spots.     Kach  picture  is  carefully 
measuretl  and  a  complete  record  is  kept  of  the 
general    appearance    of    the    solar   surface. 


what  colours  are  missing  from  the  light.  Now,  the  light  of 
a  candle  comes  from  minute  particles  of  glowing  carbon,  and 
J  W^j^n  looked  at  through  a  prism,  appears  to  contain  rays  of 
'^^ery  cofoiir.  In  fact,  we  see  innumerable  flames  of  every 
shade  spread  out  in  a  continuous  strip.  But  these  coloured 
flames,  being  large,  overlap  one  another  to  such  an  extent 
that  we  cannot,  by  this  rough  method,  be  quite  sure  that  no 
colours  are  missing.  We  cannot  make  the  flame  small  enough 
to  fi^event  this  overlapping,  but  by  putting  a  narrow  slit 
between  flame  and  prism  we  can  cut  the  former  down  to  a  fine 
line  Iriight. 

The  spectrum  now  produced,  nearly  free  from  the  over- 
lapping effect,  is  called  a  "  pure  "  spectrum  ;  but  we  shall 
find  that,  tliough  the  colours  are  more  clearly  defined  than 
before,  there  are  still  no  gaps  in  it,  and  it  is  said  to  be 
"  continuous."  But,  if  now  we  hold  up  our  slit  towards  a 
sun-lit  cloud,  and  examine  its  spectrum  through  the  prism, 
we  shall  see  a  number  of  narrow  dark  spaces,  or  lines,  each 
the  shape  and  width  of  the  slit.  This  shows  us  that  the 
spectrum  of  the  Sun  is  not  perfectly  continuous  :  certain 
colours,  corresponding  to  the  dark  spaces,  are  missing.  An 
observation  of  this  kind  was  first  made  by  Wollaston,  in  1802  ; 
and,  in  1814,  Fraunhofer,  using  a  very  narrow  slit  and 
magnifying  the  spectrum  with  a  small  telescope,  succeeded  in  detecting  nearly  600  of  these  mysterious 
dark  lines.  He  further  noted  that  one  of  the  most  conspicuous  of  the  lines  occupied  the  same  place 
in  the  spectrum  as  the  bright  yellow 
line  produced  by  a  Sodium  flame. 

It  was  not  until  1850  that  the  true 
explanation  of  all  these  facts  was  given 
by  Kirchhoff.  WTiile  observing  the 
spectrum  of  Sodium,  he  found  that,  on 
placing  behind  the  flame  a  piece  of 
incandescent  lime,  the  bright  yellow  line 
of  the  vapour  became  instantly  dark, 
and  was  so  seen  against  the  bright  con- 
tinuous spectrum  of  the  lime.  The 
same  thing  happened  to  the  bright  lines 
of  Hydrogen  and  other  glowing  gases — 
all  were  darkened,  or  "  reversed,"  as 
the  technical  expression  is.  As  the 
upshot  of  his  experiments,  Kirchhoff 
was  thus  able  to  state,  as  a  funda- 
mental law,  that  substances  in  the 
gaseous  state  had  the  property  of  absorb- 
ing, or  blocking  out  light  of  the  same 
colour  as  that  which  they  themselves 
emitted. 

The  great  secret  of  the  Solar  Spec- 
trum was  at  last  revealed,  for  the  dark 
lines  were  now  seen  to  be  due  to  the  pre- 
sence of  gases  in  the  Sun's  atmosphere, 


The 


PHOTOGRAPHY  AS  A  MEANS  OF  DISCOVERY. 
search  for  new  minor  planets  is  now  conducted  almost  entirely  by 


photography.      On    a   photograph    they   reveal    themselves   I'y    Iheir 

moUon   which  causes  them  to  form  short  trails  on  the  plate.     One  of 

these'minor  planet  traUs  is  shown  near  the  centre  of  the  picture. 
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cutting  out  from  his  light  just  those  colours  which  they  would  emit  if  shining  by  themselves.  Now, 
the  lines  in  the  spectrum  of  any  substance  are  invariable  in  their  relative  positions,  and  every  substance 
yields  an  entirely  separate  and  distinctive  set  of  lines.  Thus  we  can  identify  one  by  one  the  elements 
present  in  the  Sun's  atmosphere  by  comparing  the  Solar  Spectrum  with  the  analysed  light  of  the  same 
substances  found  on  the  Earth.  In  the  case  of  one  gas,  called  Helium,  the  usual  process  was  reversed, 
for  it  was  found  in  the  Sun  by  its  spectrum  by  Lockyer,  many  years  before  it  could  be  isolated  in  our 
own  laboratories. 

Spectrum  analysis,  as  appUed  to  the  heavenly  bodies,  thus  began  with  the  Sun,  but  it  was  not  long 
before  it  came  to  be  applied  to  the  stars.  The  chief  pioneer  in  this  line  of  research  was  Sir  WiUiam 
Huggins,  who  began  to  observe  the  spectra  of  stars  at  Tulse  Hill  about  the  year  1860.  His  observa- 
tions confirmed  the  long  suspected  fact  that  the  stars  were  comparable  in  their  nature  and  materials 
to  our  own  Sim.  He  identified  in  them  many  well-known  terrestrial  elements  and  was  able  to  classify 
them  under  various  types.  He  was  also  the  first  to  prove,  by  means  of  his  spectroscope,  the  truly 
gaseous  nature  of  certain  of  the  nebulae.     But  the  details  of  his  work,  and  of  that  of  those  who  came 


after  him,  cannot 
here.  They  will  be 
other  parts  of  this 
however,  one  ap- 
spectroscopy,  as 
Huggins,  which 
mention  here,  as 
cemed  with  the 
by  the  spectro- 
It  had  been 
Doppler  that,  if  a 
were  approaching 
greater  number  of 
reach  his  eye  every 
body  were  station- 
words  the  length 
appear  to  be 
membering  that 
produced  by  a 
pends  upon  its 
see  that  every  col- 
spectrum  will,  if 
preaching,  have 
altered,  tending  to 
than  red.  Every 
the  spectrum  will 
towards  the  violet  end,  or,  if  the  body  is  receding  from  us,  towards  the  red  end 
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MOREHOUSE'S  COMET,   1908c. 

Photography  has  added  greaUy  to  our  knowledge  of  the  structure  of 
comets  and  their  tails.  Very  few  of  these  objects  are  bright  enough  to 
show  their  details  clearly  to  the  eye.  The  "  trailing  "  of  the  surrounding 
stars  indicates  the  amount  and  direction  of  the  comet's  motion  during 
the  period  of  exposure. 


be  entered  into 
treated  fully  in 
work.  There  is, 
plication  of  stellar 
developed  by 
calls  for  special 
being  directly  con- 
treatment  of  Light 
scope. 

pointed  out  by 
source  of  Light 
an  observer,  a 
light-waves  would 
second  than  if  the 
ary.  In  other 
of  each  wave  would 
diminished.  Re- 
the  colour  effect 
light-wave  de- 
length,  we  shall 
oured  ray  in  the 
the  body  be  ap- 
its  tint  slightly 
.  become  more  violet 
line,  therefore,  in 
be  shifted  slightly 
The  colour  of  the  body 


itself,  produced  by  the  combined  effect  of  all  the  rays,  will  be  unaltered,  since  every  ray  has  moved  by  the 
same  amount.  In  every  case  certain  rays  are  transferred  into  the  invisible  portion  of  the  spectrum 
and  a  corresponding  number  emerge  into  visibility  at  the  other  end  to  fill  up  the  gap  created  there  ; 
so  that  the  full  number  of  rays  present  in  the  visible  spectrum  remains  unchanged.  By  way  of  analogy, 
we  may  picture  a  bench  which  just  holds  ten  boys,  sitting  close  together.  If  an  eleventh  boy  wishes 
to  force  himself  into  the  row  at  one  end,  say  next  to  number  ten,  he  can  do  so  by  pushing  all  the  others 
along  bodily.  Number  one  is  forced  right  off  at  his  end  and  the  total  number  of  boys  on  the  bench 
remains  unchanged. 

Making  use  of  this  principle  of  Doppler's,  Huggins  was  able  for  the  first  time,  by  measuring  the  shift 
of  the  spectral  lines,  to  determine  the  to-and-fro  velocities  of  the  stars,  or,  as  it  is  technically  termed. 


'HICH 

o^'dis  Spectrum 


A  SPECTKOHElvIOGRAPH. 
This  wonderful  devdopment  of  the  spectroscope,  due  to  Hale  and  Deslandres,  has  enabled  us  to  study  separately  and  in  detail  the 
normally  invisible  gases  present  in  the  Sun's  upper  atmosphere.  A  spectrum  of  the  Sun  is  formed  in  the  usual  way,  by  the  use  of 
a  slit  and  grating,  but,  by  placing  a  second  slit  exactly  over  one  of  the  dark  absorption  lines  of,  say.  Hydrogen,  all  light  is  excluded 
from  the  photographic  plate  save  a  single  ray  due  to  that  element.  If  the  Sun's  image  is  focussed  on  the  first  slit,  and  Ixjth  sUts 
are  moved  simultaneously  in  the  same  direction,  a  composite  picture  is  built  up,  showing  the  whole  of  the  Hydrogen  layer  of  the 
Sun.    This  picture  is  virtually  formed  by  the  putting  together  of  a  great  number  of  narrow  strips  of  the  solar  image,  the  width 

of  each  being  that  of  the  first  slit. 
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their  "  line-of -sight  "  velocities.     Since  then  the  method  has  been  greatly  extended  in  its  accuracy 
and  scope  and  has  added  enormously  to  our  knowledge  of  stellar  motions. 

The  uses  of  the  spectroscope  are  still  more  extensive  than  has  been  indicated  in  this  brief  sketch. 
The  information  it  has  supphed  in  various  departments  of  astronomical  research  will  be  dealt  with 
in  detail  elsewhere.  It  wiU  be  sufficient  here  to  mention  that  by  its  means  we  have  gained  knowledge 
not  merely  of  the  materials  present  in  the  heavenly  bodies,  and  of  their  velocities,  but  also  of  their 
temperatures,  densities,  electro-magnetic  conditions,  and  even  their  distances  from  us. 
Violet  Red 


MOTION  REVEAI.ED  BY  LIGHT. 
The  length  of  a  Light  wave  is  virtually  shortened  or  lengthened  if  the  source  of  Light  is  moving  towards  or  away  from  the 
observer.  Thus,  every  spectral  ray  (whose  colour  depends  on  the  wave-length)  has  its  tint  slightly  changed.  In  other  words, 
it  moves  up  or  down  the  spectrum.  The  amount  of  movement  depends  on  the  velocity  of  the  body  and  is  meastued  by 
comparison  with  a  spectrum  of  some  terrestrial  substance  that  is  present  also  in  the  body.  Our  illustration  shows  (1)  the 
spectrum  of  a  star  at  rest,  (2)  the  "  comparison  "  or  laboratory  spectrum,  (3  and  i)  the  spectra  of  stars  approaching  and 

receding  respectively. 


The  spectroscopes  in  use  to-day  in  our  observatories  differ  little  in  principle  from  the  simple 
instrument  of  Fraunhofer,  except  that  nearly  all  the  work  is  now  done  by  photography.  The  light 
from  a  star  or  other  body  is  focussed  on  a  narrow  sUt  by  the  object-glass  of  the  large  telescope.  The 
rays  coming  from  the  slit  are  then  made  parallel  by  means  of  a  lens.  They  then  pass  through  one 
or  more  prisms,  and  the  resulting  spectrum  is  collected  by  a  lens,  which  f  ocusses  it  on  the  photographic 
plate.  In  the  case  of  stars  the  sUt  is  sometimes  dispensed  with,  as  the  image  is  narrow  enough  already. 
In  this  case  the  prism  is  usually  placed  in  front  of  the  object-glass,  and  is  then  called  an  "  objective- 
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prism."  Obviously  the  prism  will  have  to  be  very  large  if  the  whole  diameter  of  a  big  lens  is  to  be 
utilised,  and  large  prisms  are  very  difficult  and  expensive  to  make.  Moreover,  the  length  of  the 
spectrum  (known  as  the  amount  of  its  "  dispersion  ")  is  comparatively  small  except  with  a  very 
long  telescope  ;  and  so  the  method  is  chiefly  employed,  with  fairly  small  instruments,  for  obtaining 
a  general  idea,  on  a  modest  scale,  of  the  spectrum  of  a  star,  or  of  a  group  of  stars  simultaneously. 
By  this  means  the  spectra  of  stars  have  been  photographed  and  classified  wholesale  at  the  Harvard 
College  Observatory,  U.S.A. 

The  production  of  a  spectnun  by  means  of  a  prism  is,  of  course,  an  effect  of  refraction.  But 
there  is  another  method  whereby  Light  may  be  dispersed.  When  a  ray  of  white  light  passes  the  edge 
of  an  object  it  is  deflected  to  one  side  and  dispersed  by  what  is  known  as  "  diffraction,"  the  red  rajrs 
most  and  the  violet  least.     This  is  not  ordinarily  detected  by  the  eye,  for  the  resulting  coloius  are 
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SPECTRA    OF    A    GROUP    OF    STARS. 

This  photograph  was  taken  by  a  camera  fitted  with  an  objective-prism,  such  as  the  one  shown  in  an  earlier  illustration.  No 
slit  is  used  and  the  spectral  lines  are  formed  by  allowing  the  image  of  the  spectnmi  to  "  trail  "  during  exposure.  Otherwise, 
the  spectra  would  be  narrow  lines.    The  differences  in  the  spectra  shown  on  the  photograph  indicate  variations  of  stellar 

tjrpe  and  composition. 

"  drowned-out,"  as  it  were,  by  the  flood  of  undiffracted  light  outside  the  edge  of  the  object.  But 
if  a  narrow  slit  is  used  this  does  not  occur  to  the  same  extent ;  though,  as  very  little  light  can  pass 
through  such  a  small  aperttire,  the  spectrum  is  very  faint.  A  series  of  sUts,  that  is  alternate  clear 
and  opaque  spaces,  gives  a  more  brilliant  result,  and  the  closer  and  narrower  the  spaces  the  finer  the 
spectrum  produced.  Such  an  arrangement  is  called  a  "  grating,"  and  is  often  used  in  a  spectroscope 
in  place  of  a  prism.  The  form  generedly  employed  is  made  by  ruling  a  piece  of  glass  with  very  fine 
scratches,  about  14,000  to  the  inch,  and  the  light  forming  the  spectrum  passes  through  the  glass  by 
"  transmission."  An  alternative  form  of  grating  is  produced  by  ruling  the  lines  on  a  bright  metallic 
surface  and  the  spectrum  is  then  formed  by  reflection.     A  familiar  example  of  a  coarse  reflecting 
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Pholo  by] 


THE   YERKES   OBSERVATORY,   CHICAGO,    U.S.A. 


[E.N.A. 


Erected  in  1895,  and  equipped  with  magnificent  instruments,  the  Yerkes  Observatory  has  contributed  greatly  to  the 
advance  of  modern  Astronomy.  The  principal  lines  of  work  have  been  direct  and  spectroscopic  photography  of  Stm,  Stars 
and  Nebulae,  and  the  measurement  of  close  double  stars.    The  great  90-foot  dome,  covering  the  40-inch  telescope,  will  be 

seen  on  the  right. 

grating  is  the  common  gramophone  record.     If  one  of  these  is  held  very  obliquely,  almost  edge-on,  and 
a  candle-flame  reflected  from  its  surface,  the  spectral  colours  will  be  clearly  seen. 


No  account  of  astronomical  instruments  could  in  these  days  be  quite  up-to-date  without  some 
reference  to  the  Interferometer.  This  instrument  was  first  successfully  applied  to  the  purposes  of 
astronomical  measurement  about  thirty  years  ago  by  Michelson ;  but,  under  his  direction,  it  has  been 
much  further  developed  in  the  past  fotu'  years,  and  has  now  been  made  to  yield  results  of  the  first 
importance  to  Astronomy. 

The  smallness  of  the  details  revealed  by  a  telescope  depends  entirely  upon  the  diameter  of  its 
object-glass.  Any  telescope  has  a  definite  Umit  below  which  it  cannot  render  a  true  picture  of  fine 
detail,  and  if  we  double  the  diameter  of  the  glass  we  shall  exactly  halve  this  hmit  and  be  able  to  define 
detail  that  is  twice  as  small.  Now,  it  is  the  rays  from  the  two  opposite  edges  of  the  lens  that  are  c;hiefly 
responsible  for  resolving  detail,  so  that  a  large  lens,  whose  edges  are  farther  apart,  is  more  efficient 
than  a  small  one.  We  have  seen  that  there  are  great  difficulties  in  the  way  of  constructing  telescopes 
above  a  certain  size,  so  that  we  cannot  define  clearly,  and  therefore  measure,  objects  that  are  below  a 
certain  apparent  size.  But,  if  we  can  make  use  of  rays  that  are  farther  apart  than  the  diameter  of 
our  object-glass  we  shall  virtually  increase  our  ability  to  reach  smaller  details,  and  this  is  what  the 
interferometer  does.  The  principle  employed  is  similar  to  that  of  a  trench  periscope,  which,  by 
means  of  two  mirrors,  makes  use  of  rays  that  would  otherwise  pass  several  inches  or  feet  above  the 
line  of  sight.  It  will  be  seen  from  our  illustration  that,  by  the  use  of  two  periscopes,  rays  may  be  directed 
down  a  telescope  which  were  originally  anything  up  to  twenty  feet  apart.  In  this  way  the  resolving 
power  of  the  telescope  can  be  greatly  increased.  This  does  not  actually  mean  that  we  obtain  a  clearer 
view  of  a  small  object,  as  we  should  do  with  a  larger  telescope,  but  by  noticing  certain  effects  produced 
by  "  interference  "  of  the  rays,  we  can  tell  exactly  how  large  a  telescope  would  be  required  to  show  the 
object  clearly.  By  a  simple  calculation,  based  on  the  properties  of  Light,  we  can  then  estimate  the 
apparent  size  of  the  body  we  are  observing.  In  this  way  the  actual  diameters  of  several  stars,  whose  true 
images  are  beyond  the  reach  of  oiu-  telescopes,  have  been  measured  at  Mount  Wilson  ;  and  a  larger 
instrument,  with  mirrors  50  feet  apart,  is  being  made,  and  will  be  capable  of  measuring  stars  whose 
discs  subtend  a  still  smaller  angle. 
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CHAPTER  II. 

THE  SOLAR   SYSTEM. 
By  a.  C."D.  Crommelin,   B.A.,  D.Sc,  F.R.A.S. 

WE  assume  that  our  readers  desire  to  study  the  heavens  with  more  care  than  the  mere  casual  glance 
that  some  people  bestow  on  the  glittering  orbs  that  bespangle  the  night  sky;  when  we  endeavour 
to  learn  their  configurations,  we  find  that  the  great  majority  of  them  remain  unchanged  in  their 
grouping  night  after  night,  year  after  year,  and,  if  we  add  the  experience  of  others  to  our  own,  we  may 
even  say  century  after  century.  Their  place  in  our  sky,  indeed,  changes  rapidly  ;  we  have  merely  to 
look  at  some  group  of  stars  for  a  few  minutes,  and  mark  its  place  by  some  tree,  spire  or  other  landmark  ; 
we  soon  notice  that  it  is  steadily  gliding  westward.  If  we  watch  the  same  group  the  next  night,  standing 
ourselves  in  the  same  place,  we  shall  find  that  it  gets  to  the  marked  position  four  minutes  earlier  than 
the  previous  night.  This  daily  change  of  four  minutes  mounts  up  to  two  hours  per  month,  so  that  a  few 
months  brings  about  a  complete  alteration  in  the  star-groups  visible  in  the  evening  sky.  When  we  have 
watched  them  through  a  whole  year,  we 
note  that  they  repeat  the  same  positions 
as  12  months  earlier.  There  is  thus  a 
daily  and  a  yearly  shift,  but  both  of  these 
belong  to  our  Earth,  not  to  the  stars 
themselves ;  the  Earth  has,  in  fact,  two 
movements — a  daily  spin,  which  is  ac- 
complished in  24  hours  all  but  four 
minutes,  and  a  yearly  motion  round  the 
Sun.  This  latter  movement  causes  the 
Sun  to  occupy  different  positions  in  the 
heavens  month  by  month  ;  the  stars 
seen  at  night,  which  are  those  opposite 
to  the  Sun,  or  nearly  so,  also  change 
from  month  to  month.  Throughout 
these  changes  the  stars  continue  to  show 
the  same  grouping  among  themselves. 
This  applies  to  the  great  bulk  of  them, 
but  there  are  exceptions.  If  we  mark  the 
place  of  the  Moon  among  the  stars,  we 
shall  quickly  find  that  it  is  moving  among 
them.  The  motion  is  always  in  the  same 
direction,  and  through  a  certain  group 
of  12  constellations,  forming  the  Zodiac, 
which  we  shall  do  well  to  study  carefully 
and  commit  to  memory.  The  Moon 
completes  its  tour  of  the  heavens  in  a 
little  more  than'  27  days,  but  the  time 
required  to  bring  it  back  to  the  same 
phases  as  at  first  (Half-Moon,  Full-Moon, 
etc.)  is  two  days  longer,  or  29^  days. 
The  Moon  is  not  the  only  moving  orb  comparative  sizes  of  the  planets. 

i.u      TO  i.  ii„i;„ „c    *u„    '7„a:„^  This  picture  shows  the  great  difference  in  size  between  the  planets. 

m    the    12    constellations   of    the   Zodiac.         The  four  giant  planets  hive  very  extensive  atmospheres  of  doSds  and 
We  have    already    drawn    the    inference         vapours,  and  do  not  exceed  the  Earth  in  mass  to  nearly  the  same  extent 

that  the  Sun  goes  round  them  once  a       "-'  "^^^  "^  ^  '^"^''- J^'t^rom^a^Sliof  ^'""'  '"'  ""°"^ 
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COMPARATIVE   SIZES   OF   THE   SUN   AS   SEEN   FROM   THE   PLANETS. 

Neptune,  the  farthest  planet,  is  nearly  80  times  as  far  from  the  Sun  as  Mercury,  the  nearest,  and  consequently  receives  less 
than  one-sixty-thousandth  of  the  light  and  heat.    If  the  outer  planets  were  dependent  on  the  Sun  alone  for  their  heat  they 

would  be  perpetually  frostbound. 


year ;  besides  these  two,  there  are  five  other  bright  orbs  that  change  their  places  among  the  stars. 
The  whole  seven  were  known  as  the  planets  (Greek,  "  Wandering  Stars  "),  but  nowadays  the  Sun 
and  Moon  are  rarely  included  under  this  title.  We  cannot  continue  our  star-watch  for  many 
weeks  without  picking  some  of  them  up.  The  most  brilliant  of  all  can  be  instantly  distinguished 
from  a  fixed  star  by  its  lustre  alone.  This  is  Venus,  the  beautiful  morning  and  evening  star. 
It  is  never  very  far  away  from  the  Sun,  and  is  seen  in  the  west  after  sunset  for  several  months  in 
succession,  then  after  a  brief  interval  it  becomes  a  morning  star  for  several  months  ;  its  complete  cycle 
of  changes  lasts  for  a  year  and  seven  months.  Mercury  imitates  the  behaviour  of  Venus,  but  its 
cycle  of  changes  is  much  briefer,  lasting  only  four  months ;  also  it  is  much  less  brilliant,  and  we 
shall  not  pick  it  up  without  consulting  the  almanac.  Jupiter  comes  second  in  brilliancy  among  the 
planets,  and  is  much  brighter  than  any  fixed  star  ;  it  can  be  seen  for  several  months  every  year  ;  first 
as  a  morning  star,  then  as  an  all-night  star,  and  finally  as  an  evening  star.  Its  motion  among  the  fixed 
stars  is  slow,  and  it  takes  12  years  to  go  round  the  sky.  It  therefore  remains  a  year  in  each  constellation. 
The  two  remaining  orbs  can  be  easily  distinguished  by  their  colours.  Mars  being  of  a  fiery  orange,  while 
Saturn  is  a  dull  yellowish  white  ;  also  it  moves  much  more  slowly  through  the  stars,  taking  nearly 
30  years  to  go  round  the  sky,  whereas  Mars  takes  less  than  two. 

It  is  a  natural  and  correct  inference  to  draw  that  all  these  moving  orbs  are  much  nearer  to  us  than 
the  fixed  stars  are.  They  form,  together  with  our  Earth,  a  family  of  worlds  isolated  in  space,  to  which 
the  name  Solar  System,  or  Sun's  Family,  is  given.  The  study  of  this  family  will  occupy  several  chapters  ; 
the  present  one  deals  with  them  as  a  connected  group,  and  afterwards  they  will  be  studied  singly. 

The  changing  phases  of  the  Moon  are  due  to  its  being  a  dark  world  like  our  Earth,  simply  shining  by 
reflecting  back  the  sunlight  that  falls  on  it.  When  nearly  in  the  same  direction  as  the  Sun,  it  turns  only 
a  small  portion  of  its  bright  side  to  us,  appearing  as  a  thin  crescent.  But  as  it  moves  on  we  see  more 
and  more  of  the  bright  side,  till  the  whole  disc  is  bright,  when  it  is  opposite  to  the  Sun.  The  two  inner 
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planets,  Mercury  and  Venus,  show  phases  in  the  telescope  like  the  Moon,  proving  that  they  are  dark 
bodies  Uke  our  Earth,  and  we  know  that  the  same  is  true  for  Mars.  It  is  this  kinship  with  our  Earth 
that  gives  the  planets  such  a  special  interest  to  us.  The  Sun  and  the  fixed  stars,  which  shine  by  their  own 
light,  are  far  hotter  than  the  hottest  furnace,  and  no  life  can  be  pictured  in  them,  though  they  serve  to 
make  life  possible  on  worlds  that  they  light  and  warm.        ,.jj:^  .        '  i 

The  planets  resemble  our  Earth  in  other  respects ;  like  hef'they  spin  on  their  axes,  and  so  have  day 
and  night,  also  the  larger  ones  have  atmospheres,  whose  presence  is  of  course  essential  for  habitability. 
Mars  has  a  scanty  atmosphere,  which  is,  however,  dense  enough  to  support  clouds,  from  which  rain 
and  snow  descend  upon  the  surface.  Mercury  and  the  Moon  are  practically  devoid  of  atmospheres^ 
and  the  same  is  probably  true  of  all  small  worlds.  The  gases  forming  an  atmosphere  are  always 
trying  to  escape,  and  it  needs  a  strong  attraction — stronger  thin  that  which  the  small  planets 
possess — to  hold  them  fast.  On  the  very  large  planets  there  is  ariother  obstacle  to  the  presence  of 
life  ;  they  probably  began  their  career  in  a  much  hotter  state  than  the  Earth,  and  as  large  bodies 
cool  very  slowly,  they  are  not  yet  cool  enough  to  be  inhabited.  Thus,  the  only  worlds  outside  our 
own  that  we  can  plausibly  imagine  to  be  the  abodes  of  life  are  Venus  and  Mars. 

The  Solar  System  consists  of  a  great  central 
orb,  the  Sun,  and  a  numerous  retinue  of 
attendant  worlds  travelling  round  it.  The  Sun 
outweighs  their  united  mass  about  700  times  ; 
we  can  see  two  strong  reasons  for  this  great 
preponderance  :  first,  in  order  that  it  should 
continue  to  supplj'  light  and  heat  to  its  retinue 
during  the  vast  periods  during  which  their 
habitability  continues ;  secondly,  that  its 
attractive  power  should  so  far  exceed  that  of 
its  attendants  that  these  should  not  disturb 
each  other's  movements  to  a  serious  extent  ; 
any  great  change  in  their  paths  would  be  preju- 
dicial to  the  well-being  of  their  inhabitants. 
Also,  if  the  planets  were  comparable  with  the 
Sun  in  size,  they  would  not  cool  sufficiently  for 
habitability  till  it  had  long  passed  its  efficiency 
as  a  dispenser  of  light  and  heat. 

We  may  divide  the  planets  into  three  groups  ; 
that  nearest  the  Sun  is  called  the  group  of 
terrestrial  planets,  since  all  its  members  resemble 
the  Earth  in  having  cooled  sufficiently  to  have 
solid  surfaces.  The  Earth  is  the  largest  of  the 
group,  and  the  third  in  distance  from  the  Sun  ; 
its  neighbour,  Venus,  is  almost  as  large,  but 
the  others  are  much  smaller.  Mars,  the  outer- 
most member,  having  one-ninth  of  the  Earth's 
mass,  Mercury,  the  innermost,  only  onc-twenty- 
seventh,  and  the  Moon,  which  we  may  regard 
as  a  member  of  the  group,  one-eighty-first  or 
one-third  of  that  of  Mercury.  A  study  of  these 
worlds  shows  that  a  certain  size  is  necessary  for       gj^g  op  ^jjjj  jiqqx  compared  with  the  earth. 

a    planet    to    be    inhabited;      the    small    worlds         Thediameterof  the'Moonis  3/11  of  the  liarth's,  consequenUy 

Mercury  and  the  Moon  are  airless,  and  Mars        the  surface  is  i/iS'anci  the  bulk  1/49  of  the  Earth's.    But 

■'  its  materials  are  less  tightlv  packcil,  so  that  it  weighs  only 

has    but    a    scanty    atmosphere,    while    that  1/81  of  the  Earth. 


MAP  OF  THE 
The  paths  of  the  planets  rouml  the  Sun  are  here  shown  in  their  true  i>roportions,  but  the  discs  representing  the  planets  are  necessarily  much  exaggerated 
asteroids  or  minor  planets  divide  the  planets  into  two  groups,  the  inner  group  is  composed  of  cool,  solid  bo<Ues,  like  the  Harth  ;  the  outer  planets 
than  those  between  the  inner  planets.  If  this  were  not  so  they  would  greatly  disturb  each  other's  motions.  Besides  the  planets,  numerous 
ellipses.      The  path  of  one  comet  (Hallcy's)  is  shown  ;   it  passes  inside  the  orbit  of  Venus  and  outside   that   of  Neptune,    the  greatest  distance 

direction.    Comets  when  near  the  Sun  often  send 


.OLAR    SYSTEM. 

n  size,  as  also  are  the  shadows.  The  graduated  shading  is  intended  to  indicate  the  diminution  in  light  and  heat  as  we  pass  away  from  the  Sun.  The 
ire  much  larger,  and  have  huge  envelopes  of  cloud  and  vapour  round  them.  It  will  be  seen  that  the  spaces  between  their  orbits  arc  much  greater 
:omtts  and  meteor-swarms  travel  roun<l  the  Sun.  While  the  paths  of  the  planets  arc  almost  circular,  those  of  the  comets  are  elongated  ovals  or 
leing  si.Nty  timestthe  least.  While  all  the  planets  travel  round  the  Sun  in  the  same  direction,  many  comets — including  H^jlley's— go  in  the  opposite 
JUt  tails,  which  generally  point  away  from  the  Sun. 
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ORBIT  OF  KROS. 
Diagram  of  the  orbits  of  the  liarth,  Mars,  and  IJros ;  the  hist 
named  is  a  minor  planet  whose  path  comes  within  15  million 
miles  of  the  ICarth's.  Its  near  approaches,  of  which  the  next 
happens  in  l!i:!I,  are  nsed  for  finding  more  accuratelj-  the  Sun's 
distance. 

for  concluding  them  to  be  hot.  The  spaces 
between  their  orbits  are  much  greater  than 
tho^  of  the  inner  planets  ;  thus  Jupiter  is  five 
times  our  distance  from  the  Sun,  while  the 
other  three  are  respectively  two,  four,  and  six 
times  Jupiter's  distance.  This  wide  spacing  is 
necessary  for  the  stability  of  their  orbits ; 
serious  disturbances  of  their  motion  would 
arise  if  they  were  nearer  each  other. 

Rapid  rotation  also  characterises  the  giant 
planets.  The  three  first  are  known  to  rotate 
in  about  ten  hours  ;  as  a  consequence  their 
equators  bulge  out  to  a  notable  extent ;  thus 
Jupiter's  equatorial  diameter  exceeds  the  Polar 
one  by  6,000  miles.  Owing  to  distance  the 
bulge  cannot  be  clearly  seen  in  the  case  of 
Neptune,  but  its  effect  is  shown  in  the  motion 
of  Neptune's  satellite.  The  tendency  of  clouds 
to  lie  in  belts  parallel  to  the  equator  is  plainly 
seen  in  Jupiter  and  Saturn,,.and  suspected  in 
the  other  two.  It  is  a  result  of  the  rapid  spin 
and  of  the  extensive  atmospheres.  Matter 
coming  up  from  a  lower  level  would  have  a 
slower  speed  (having  a  smaller  circle  to  des- 
cribe), and  so  would  be  left  behind. 

These  planets  have  all  families  of  satellites 
going  round  them.    At  present  nine  are  known 


of    Venus    is    comparable    with    our   own    in 
extent. 

The  outer  group  of  planets  consists  of  much 
larger  bodies,  which  appear  to  be  still  in  a  heated 
state  ;  their  surfaces'  are  probably  molten,  but 
surrounded  by  very  thick  layers  of  clouds 
and  vapours,  which  is  all  that  we  are  able  to 
study.  Jupiter  outweighs  the  Earth  318  times, 
Saturn  95  times,  Uranus  and  Neptune  15  and 
17  times.  The  huge  orb  of  Jupiter  weighs 
nearly  2J  times  as  much  as  all  the  other  planets 
put  together  ;  yet  it  would  take  more  than 
1,000  Jupitcrs  to  balance  the  Sun.  The  giant 
planets  exceed  the  Earth  in  bulk  still  more  than 
they  do  in  mass,  but  their  materials  are  much 
less  tightly  packed,  which  is  one  of  the  reasons 
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COMI'AR.\TIVlC  SIZES  Ol-  JUI'ITDR  AND  Tllli  EARXH. 

Jupiter  exceeds  the  Earth  11  times  in  diameter,  120  times  in 
surface,  and  1300  times  in  bulk.  But  its  materials  being  less 
tightly  packed,  probably  owing  to  heat,  it  outweighs  the  Earth 
only  300  times.    The  oval  patch  on  Jupiter  is  the  "  Red  Spot." 
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for  Jupiter,  nine  for  Saturn  (a  tenth,  Themis,  was  announced,  but  is  not  completely  verified),  four  for 
Uranus,  one  for  Neptune.  The  largest  moons  of  Jupiter  and  Saturn  are  much  larger  than  our  Moon,  and 
fall  little  short  of  Mercury  in  size,  but  the  small  ones  are  less  than  100  miles  in  diameter.  These  tiny 
worlds  lead  us  on  naturally  to  the  third  group  of  planets  :  the  asteroids  or  planetoids,  a  family  of 
thousands  of  very  minute  worlds  whose  orbits  lie  in  almost  all  cases  between  those  of  IMars  and  Jupiter, 


DRAWING    OF    M.\R.S    IX    1909    BY    15.  31.  ANTONIADI. 

This  picture  was  drawn  by  E.  M.  Antoniadi ,  with  the  large  telescope  at  Jleudon,  near  Paris.  I<ikeinost  astronomical  drawings 
it  is  inverted.  The  white  patch  near  the  upper  ripht-hanil  edge  is  the  South  Polar  Cap.  supposed  to  consist  of  snow.  Its 
dark  border  is  supjKised  to  be  water  resulting  from  its  melting.  The  curved  dusky  marking  near  the  bottom  of  the  disc  is 
the  Syrtis  Major,  the  plainest  marking  on  the  planet  after  the  Polar  C.ip.  The  dusky  regions  are  conjectured  to  be  vegetation, 
while  the  lighter  regions  at  the  bottom  and  left  (which  appear  orange  in  the  telesct  pe)  are  probably  deserts. 


though  these  limits  are  transgressed  in  both  directions  by  a  few  of  them.  Over  a  thousand  are  now 
actually  known,  and  every  year  30  or  40  more  are  added,  so  that  it  is  estimated  that  there  may  be  some 
50,000  altogether.  The  largest,  Ceres,  was  discovered  by  Piazzi  on  the  first  day  of  the  nineteenth  century. 


DKAWINO    OK    JIPITI'R. 

This  is  a  very  iiiUrcstiii);  ttlescopic  object.  It  sjjins  round  its  axis  in  ten  hours  ;  this  rapid  motion  causes  its  equator  to 
bulge  out.  and  also  produces  currents  in  its  atmosphere  which  causes  its  clouds  to  form  into  belts  parallel  to  the  equator. 
The  shadows  of  its  f<jur  large  satellites  frequently  cross  the  disc  as  black  sjxits  (one  is  shown).  The  Siitellites  themselves ai>pear 
as  bright  siK)ts  when  near  the  edge  of  Jupiter,  but  as  dark  ones  when  near  the  centre,  since  the  latter  region  of  the  planet  is 

brighter  than  the  former. 
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Its  diameter  is  about  450  miles,  a  fifth  of  that  of  the  Moon,  which  means  that  its  bulk  and  mass  are  less 
than  one-hundredth  of  hers.  Since  the  great  majority  of  them  are  far  smaller  than  Ceres,  it  is  doubtful 
whether  their  united  mass  would  equal  that  of  the  Moon,  so  that  even  if  united  they  would  only  form  a 
tiny  planet.  There  is  reason  to  think  that  the  smaller  ones  are  not  spherical  in  shape,  but  angular  masses 
of  rock  :  this  would  account  for  the  fact  that  their  light  is  often  found  to  \'ary  rapidly  as  they  turn  and 
present  more  or  less  of  their  surface  to  us.  In  the  case  of  large  bodies,  like  the  Earth,  or  even  the  Moon, 
the  mutual  gravity  of  their  components  is  far  stronger  than  the  force  of  cohesion,  which  holds  the 
particles  of  a  solid  body  together,  so  that  any  large  departure  from  a  spherical  form  would  be  quickly 
corrected.  But  in  worlds  whose  diameter  is  only  a  few  miles,  the  force  of  cohesion  would  be  far  stronger 
than  gravitation,  so  that  the  body  would  retain  whatever  irregularity  of  form  it  had  initially.  It  is  also 
of  interest  to  note  that  the  axis  of  rotation  of  such  irregular  fragments  would  change  fairly  rapidly  inside 
the  body,  which  is  probably  the  reason  why  the  changes  of  light  of  Eros,  the  asteroid  that  approaches 
the  Earth  most  closely,  are  so  difficult  to  reduce  to  rule. 


CHANGES    IX    APPARIvNT    S17.1-.   AND    SHAPE    OE    MERCURY. 

When  Mercury  is  nearly  between  the  ICarth  and  Sun  it  is  nearest  to  us  ami  so  appears  largest.    But  it  then  turns  its  dark 

face  to  us.    As  it  recedes  from  us  it  becomes  smaller  but  turns  more  and  more  of  its  bright  side  towards  us,  so  that  it  appears 

first  as  a  descent,  then  as  a  halt-disc,  while  when  nearly  behind  the  Sun  it  would  appear  a  full  disc,  but  small. 

Besides  considering  the  sizes  of  the  planets,  it  is  also  important  to  consider  the  size  of  the  Sun  as  seen 
from  them.  This  varies  enormously,  Mercury  seeing  a  disc  seven  times  as  large  as  the  Earth — as  the 
heat  increases  in  the  same  proportion,  this  cause  alone  would  render  it  uninhabitable.  Mars  sees  a  disc 
less  than  half  the  size  that  we  do;  the  thin  air  of  Mars  allows  the  Sun's  heat  to  reach  the  surface  some- 
what more  readily  than  with  us,  but  it  also  permits  it  to  escape  freely,  so  that  terrible  frosts  must  pre- 
vail at  night.  The  giant  planets  receive  a  very  small  amount  of  light  and  heat :  Jupiter  one-twenty-fifth, 
Saturn  one-hundredth,  Uranus  one-four-hundredth,  Neptune  one-nine-hundredth.  In  each  case  the 
comparison  is  with  the  amount  received  on  Earth.  But  we  may  well  imagine  that  if  these  planets  are' 
intended  to  support  life  in  the  future,  they  will  draw  their  supplies  of  heat  from  their  own  interiors 
and  depend  on  the  Sun  for  light  alone. 

The  whole  family  of  worlds,  large  and  small,  that  we  have  described,  travel  round  the  Sun  in  the 
same  direction,  and  in  nearly  the  same  plane  or  level,  though  there  are  a  few  exceptions  to  this  last 
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point  among  the  small  planets,  which  may  plausibly  be  ascribed  to  the  perturbing  action  of  their 
giant  neighbour  Jupiter.  The  facts  indicate  with  moral  certainty  that  the  fonnation  of  the 
planets  was  not  a  series  of  isolated  actions,  but  a  single  mighty  process  ;  we  cannot  hope  to  attain 
certainty  in  our  answers  to  such  problems,  but  it  is  a  natural  tendency  of  the  human  mind  to 
attempt  their  solution.  The  earliest  attempt  that  need  be  mentioned  was  that  of  Laplace,  who 
conjectured  that  the  whole  Solar  System  had  once  been  an  immense  sphere  of  exceedingly 
attenuated  gas,  in  slow  rotation.  It  gradually  condensed  under  its  own  attraction,  a  result  of 
which  was  to  make  it  "rotate  more  rapidly.  At  length  a  stage  was  reached  at  which  the  equatorial 
ring  was  thrown  off,  which  subsequently  condensed  into  the  outer  planet  :  successive  repetitions 
of  the  process  accounted  for  all  the  planets,  while  finally  the  central  gaseous  mass  condensed  into 
the  Sun.  Dr.  Jeans  has  shown  that  a  process  like  this  app)ears  to  be  taking  place  in  some  of  the 
gaseous  nebulae,  but  that  the  planets  of  our  System  can  never  have  been  mere  masses  of  gas,  their 


CHANGES    IN    APPARKNT    SIZE   AND    SHAPE    OF    VENUS. 

Venus  undergoes  changes  in  size  ami  shape,  as  seen  from  the  Earth,  that  are  analogous  to  those  of  Mercury  {see  page  79)  but 
are  still  more  accentuated,  since  its  least  distance  is  smaller  and  its  greatest  distance  farther.  The  point  at  which  Venus 
appears  brightest   is  a   little  nearer  to  us   than   the   point  where  it  appears  as  a  half-disc.      \'emis  can  often  be  seen  in 

daylight  at  such  times,  and  casts  faint  shadows  at  night. 


attractive  power  being  in  all  cases  too  small  to  prevent  the  gas  from  dissipating  into  space — a  mass 
approximating  to  that  of  the  Sun  is  required  for  this  purpose.  It  is  inferred  that  the  planets 
must  have  been  solid  or  liquid  from  the  first,  and  it  is  conjectured  that  the  near  approach  of 
another  sun  raised  great  tidal  waves  in  the  Sun  :  streams  of  matter  are  supposed  to  have  been  ejected 
from  it  ;  condensations  would  form  in  these  streams,  which  would  be  the  nuclei  round  which  other 
particles  would  gradually  collect  till  the  planets  were  built  up.  To  account  for  the  varying  sizes  of  the 
planets  the  supposition  is  made  that  the  rapid  motion  of  the  particles  near  the  Sun  made  aggregation 
more  difficult,  while  in  the  region  outside  Jupiter  the  material  began  to  get  scarcer,  but  no  quite  satis- 
factory explanation  of  the  immense  disparity  of  the  masses  of  the  planets  has  yet  been  attained.  The 
theory  also  helps  to  explain  two  other  features  of  the  system.  The  Zodiacal  Light,  shown  on  page  88 
is  an  ill-defined  beam  of  light  seen  in  evening  or  morning  not  far  from  the  Sun's  place :  it  almost  certainly 
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I,A\\'  OK  EQUAL  ARKAS. 

Kepler's  second  law  states  that  planets  and  comets 

sweep  out  equal  areas  in  a  day  at  all  parts  of  their 

orbits.     They  have  therefore  to  move  more  quicklj- 

nhen  near  the  Sun. 


indicates  the  presence  of  clouds  of  dust  travelling 
round  the  Sun,  the  remnants  of  the  dense  streams 
that  have  been  mentioned.  The  other  feature  is  the 
Comets,  which  are  believed  to  be  aggregations  of 
meteors,  or  lumps  of  iron  and  other  substances,  having 
quantities  of  gas  shut  up  in  them.  When  they 
approach  the  Sun  its  heat,  and  perhaps  also  electrical 
action,  cause  the  gases  to  stream  out  into  splendid 
tails  that  are  sometimes  visible.  They  go  round  the 
Sun  in  long  narrow  paths,  and  are  visible  to  us  only 
for  the  short  time  during  which  they  are  near  it  : 
they  also  are  supposed  to  be  remnants  of  the  great 
outburst  of  matter  from  the  Sun. 

The  Fireballs  that  occasionally  cross  the  sky  in 
a  brilliant  streak  of  flame  are  detached  fragments 
of  comets  that  after  long  wanderings  at  length  enter 
the     Earth's     atmosphere.     As     they     are     rushing 

through  the  air  at  a  speed  of  20  or  30  miles  a  second,  the  friction  makes  them  so  hot,  and  expands 

the  gas  in  them  so  much  that  they  generally  explode  while  still  many  miles  high  :   sometimes  they  are 

reduced  to  powder,  but  where  the  movement  is  less  rapid,  occasionally  large  lumps  reach  the  ground. 
It  has  been  objected  to  this  theory  that  such  a  near  approach  of  two  suns  would  very  seldom 

happen,  the  distance  between  them  being  so  immense.     The  answer  is  that  suns  with  families  of 

planets  may,  for  all  we  know,  be  verj'  rare  :   we  cannot  hope  for  any  increase  of  telescopic  power  that 

would  show  us  the  planets  going  round  other  suns. 

It  is  perhaps  as  well  to  emphasise  that  these  theories  do  not  at  all  imply  that  our  System  is  a  mere 

chance  product  of  blind  forces.  To  imagine  this  would  be  just  as  unreasonable  as  it  would  have  been  for 

the  man  in  the  old  anecdote  who  picked  up  a  watch  on  the  ground  to  conclude  that  that  wonderful  piece 

of  mechanism  had  come  together  by  chance.    But  in  those  works  of  the  Creator  that  we  can  study 

minutely,  such  as  the  growth  of  an  oak  tree  or  the  formation  of  a  coral  island,  we  see  that  He  works  by 

slow  processes  of  growth.  It  is  therefore  agreeable  to  analogy  to  infer  that  the  Solar  System  was  formed 

by  such  processes  ;   moreover,  we  can  see  similar  processes  actually  in  progress  at  the  present  day  in 

various  regions  of  the  heavens. 
The   seven    planets   of   the 

ancients,     which     have     been 

known  from  prehistoric  times, 

included   the   Sun    and   Moon, 

Mars,  Mercury,  Jupiter,  Venus, 

Saturn,  and  gave  their  names 

in  this  order  to  the  days  of  the 

week,    as  we   still   see   in   the 

French  names  for  these  days. 

The  English  names  are  taken 

from  Saxon  deities,  Tiw,  Odin, 

Thor,    and    Friga ;     the   other 

three  days  can  be  immediately 

identified.      The   discovery   of 

Mercury  is  particularly  credit-  drawing  ax  i;t,i,ipsi.;. 

able  to  the  old  observers  ;     for  a„  ellipse  is  a  foreshortened  circle.       It  can  be  drawn    by  putting    two  pins   in 

even   when   we   know  where   to         PaP'-i',  passing  a  loop  of  string  over  them,  and  passing  a  pencil  round,  keeping  the 
,,•■•,  ,  .  string  tight.      The  two  pins  are  the  foci.      The  Sun  is  in  one  focus  of  the  planetary 

look,  it  IS  always  seen  low  down  orbits.  ciiieiaiv 
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in  the  twilight ;  but  it  was  \ery  assiduously  observed,  and  Fathers  Epping  and  Strassmaier  found 
it  mentioned  more  often  than  any  other  planet  in  the  Babylonian  tablets,  under  the  name  of  Guttu 
or  Gud  ud.  The  early  observers  found  the  planetary  motions  very  puzzling,  for  they  were  working 
on  the  false  view  that  the  Earth  was  the  centre  of  the  system.  The  character  of  the  apparent  motion 
has  been  expressed  accurately  by  Milton  in  the  lines  — 

"  Their  wandering  course,  now  high,  now  low,  tl-.cn  hid. 
Progressive,  retrograde,  and  standing  still." 
Mercury  and  Venus  were  noted  to  swing,  in  pendulur.i  fashion,  from  one  side  of  the  Sun  to  the  other, 
being  alternately  morning  and  evening  stars  ;    the  other  three  planets  moved  in  a  forward  direction 


APPARENT  DAILY  PATHS  OF  THE  SUN. 

This  picture  shows  that  in  summer  the  Sun  rises  in  north-east,  sets  in  north-west,  and  is  high  )tp  at  noon.     In  March  and 

September  it  rises  due  east,  sets  due  west,   its  noon  lieiyht  being  nuxlerate.      In  winter  it  rises  south-east,  sets  south-west, 

and  is  low  even  at  nixm.     It  is  atx)ve  the  horizon  tor  Hi  hours  in  summer,  12  at  the  equinoxes,  8  in  winter. 


(that  is,  in  the  same  direction  as  the  motion  of  the  Moon  among  the  stars)  for  the  greater  part  of  the  time, 
but  it  was  noted  that  whenever  they  approached  the  position  in  which  they  were  opposite  to  the  Sun 
their  forward  motion  slackened,  then  stopped,  and  for  some  weeks  they  retraced  their  steps,  finally 
stopping  again,  and  then  resuming  their  forward  march. 

The  apparent  paths  of  Mars  and  Neptune  are  shown  on  pages  89  and  90.  Since  Mars  moves  nearly  as 
quickly  as  the  Earth,  it  appears  to  move  backwards  for  a  short  time  only  ;  on  the  other  hand,  Neptune, 
whose  speed  is  only  one-fifth  of  ours,  moves  backward  for  nearly  si.\  months,  and  its  backward  track 
is  more  than  half  as  long  as  its  forward  one.  But  we  must  remember  that  the  backward  movement  is 
only  apparent,  and  that  each  planet  really  mo\-es  forward  continually  :   the  seeming  backward  motion 
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is  due  to  the  Earth  overtaking  them,  its  motion  being  more  rapid  than  theirs.   But  the  ancients  looked 
on  the  Earth  as  immovable,  and  were  driven  to  the  view  that  the  planets  circled  round  a  point  which 
itself  circled  round  the  Earth.  Other  complexities  were  added  to  explain  irregular  movements— 
"  Centric  and  eccentric  scribbled  o'er. 
Cycle  and  epicycle,  orb  in  orb." 
Much  of  this  complexity  was  removed  by  the  suggestion  of  Copernicus  that  the  Sun,  not  the  Earth, 
is  the  centre  of  the  revolutions.   A  further  step  in  advance  was  made  by  Kepler,  who  carefully  studied 
the  splendid  series  of  observations  made  by  Tycho  Brahe,  and  announced  the  three  laws  of  planetary 
motion.   The  first  law  stated  that  the  planets  move  in  ellipses,  not  in  circles.    Page  83  shows  how  an 
ellipse  may  be  drawn  by  putting  a  loop  of  string  over  two  pins  fixed  in  paper,  and  passing  a  pencil  round, 
keeping  the  loop  tight.   The  two  pins  occupy  the  ■"  foci,"  and  the  Sun  is  in  one  of  the  foci  of  the  orbits. 
The  ellipses  in  the  case  of  the  planets  differ  very  little  from  circles,  but  in  the  case  of  the  comets  they  are 


COMP.\R.'\TIVE    SIZKS    OF   VENUS    .^ND    THE    E.A.RTH. 

It  will  be  seen  from  the  picture'  tliat  tlic  two  planets  are  almost  e.xactly  of  the  same  size.     The  diameter  of  \enus  is  some 

:i(>0  miles  less,  a  trifling  amount  compared  with  8,000.   Venus  is  the  only  world  resembling  the  Earth  in  size  that  we  know  of. 

Unfortunately  it  is  a  difiieult  planet  to  study,  and  we  know  little  about  it. 

much  more  elongated.  The  second  law  gives  the  means  of  fixing  the  position  of  a  planet  in  its  orbit  at 
anytime.  If  we  make  a  diagram  of  the  path,  as  on  page  83,  marking  its  positions  at  daily  intervals, 
then  joining  all  these  positions  to  the  Sun,  the  triangles  thus  formed  will  all  contain  the  same  number  of 
square  miles  or  square  inches  on  the  diagram.  This  means  that  the  nearer  the  planet  goes  to  the  Sun  the 
quicker  it  moves,  this  extra  speed  being  produced  by  the  Sun's  attraction.  There  is  an  easy  way  of 
representing  the  motion,  which  is  very  nearly  exact.  From  the  empty  focus  draw  a  set  of  lines  all 
separated  from  each  other  by  10°,  or  some  other  selected  angle  ;  then  the  planet  will  be  at  the  points 
marked  by  these  lines  at  equal  intervals  of  time,  one-thirty-sixth  of  the  whole  period  in  the  case  given, 
i.e.,  the  angular  motion  about  the  empty  focus  is  uniform.  The  third  law  was  the  one  that  gave  Kepler 
the  most  trouble,  but  also  the  most  satisfaction.  It  enabled  him  to  find  how  long  any  planet  would  take 
to  go  round  the  Sun,  being  given  its  distance.  (This  is  to  be  taken  as  the  average  distance,  midway 
between  the  greatest  and  the  least.)    The  unit  in  which  the  distance  is  to  be  measured  is  the  Earth's 
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average  distance  from  the  Sun  ;  we  multiply  this  by  its  square  root,  and  we  have  the  time  in  years  that 
the  planet  takes  to  go  round  the  Sun.  Thus,  if  the  distance  were  nine  times  that  of  the  Earth,  the 
square  root  of  nine  is  three,  and  3  times  9  is  27,  so  the  planet  would  go  round  in  27  years  ;  this  is  nearly 
the  case  with  Saturn.  So  if  the  distance  were  a  quarter  of  the  Earth's,  the  square  root  is  one-half,  the 
product  is  one-eighth  :  the  planet  would  go  round  in  one-eighth  year,  or  6 J  weeks. 

The  fact  of  the  Earth  going  round  the  Sun  is  brought  home  to  us  by  the  changing  seasons.  The  Earth 
spins  on  an  axis  that  is  not  quite  upright  to  the  level  in  which  it  goes  round  the  Sun  :    in  summer  the 

northern  end  of  the  axis  is 
towards  the  Sun  ;  the  regions 
near  the  North  Pole  then  have 
daylight  for  the  whole  24  hours 
(see  Frontispiece,  Midnight 
Sun).  In  our  latitudes  the  Sun 
is  visible  for  16  hours  of  the  24 
in  summer,  and  rises  very  high 
in  the  sky ;  in  winter  it  is 
visible  for  only  eight  hours, 
and  remains  low  down.  These 
changing  tracks  are  shown  on 
page  84.  Mars,  Saturn,  and 
Neptune  have  their  axes  bent 
to  about  the  same  slope  as  ours, 
so  have  similar  seasons; 
Uranus  has  a  much  higher 
slope,  and  very  extreme  sea- 
sons ;  Jupiter  and  the  Moon 
have  axes  almost  upright,  and 
practically  no  seasons.  We  do 
not  know  how  the  axes  of 
Venus  and  Mercury  are  placed. 
One  result  of  the  Earth  not 
being  in  the  centre  of  the 
planets'  motion  is  that  the 
distance  from  Earth  to  planet 
undergoes  large  changes.  Venus, 
when  nearest  the  Earth,  ap- 
pears very  large,  but  a  very 
thin  crescent ;  as  she  recedes 
the  disc  gets  smaller  but  more 
of  it  is  lit  up.  On  the  whole  it 
looks  brightest  when  it  is  about 
half  lit  up  ;  when  furthest  from 
the  Earth  it  shows  a  fully-lit 
disc,  but  very  small  from  its 
great  distance. 

The  next  great  advance  in  our  knowledge  of  the  heavenly  movements  was  made  by  Sir  Isaac  Newton. 
He  proved  that  Kepler's  laws  indicated  a  great  central  attracting  force  in  the  Sun,  which  pulls  all  the 
planets  to  it,  and  prevents  them  from  flying  away  in  straight  lines,  which  is  the  natural  tendency  of 
moving  bodies  unless  some  force  acts  upon  them.  He  also  proved  that  the  force  gets  rapidly  weaker  as 
we  go  farther  away  from  the  attracting  body.  At  twice  the  distance  the  force  is  one-quarter,  at  three 
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THE  ZODIACAL  I,IGHT,  VENUS,  AND  THE  C05IET  OF    JANUARY,   1910. 

This  beautiful  picture  was  drawn  by  M.  Ch.  Sermasi,  in  Egypt.  It  shows  Venus 
as  a  bright  evening  star,  silso  the  comet  of  January,  1910,  with  a  curiously  bent 
tail.  The  Zodiacal  Light  is  the  faint  triangular  patch  of  light.  It  is  much  better 
seen  in  the  Tropics  than  in  England.  It  is  supposed  to  consist  of  clouds  of  fine 
dust  travelling  round  the  Sun  ;  perhaps  remnants  of  the  dense  streams  of  dust 
from  which  the  planets  are  conjectured  to  have  been  built. 
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THE    STARS    FOR    JUNE. 
"Our  plate  shows  the  aspect  of  the  sky  as  seen,  lookinfi  North  and  South,   from  Westminster  Bridge;    but  the  positions  of  the  stars 
will  be  practically  the  same  for  any  place  in  the  latitude  of  Great  Britain. 

The  constellations  wjll  appear  in  the  positions  shown  on  June    I  at  about  11.30  p.m.  (Greenwich  Mean  Time). 

.,       8        ..  11.0    p.m.  ..  ,,  „ 

..     15         ,.  10.30  p.m. 

,.     22        ,.  10.0    p.m.  ,.  „  M 
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cimes  the  distance  one-ninth,  and  so  on.  This  law  of  diminution  is  common  to  all  actions,  such  as  light 
and  heat,  that  radiate  outwards  from  a  centre.  But  Newton  further  showed  that  the  mysterious  force 
of  attraction  is  present  in  all  matter,  and  is  the  very  same  force  that  makes  any  object  that  we  throw 
into  the  air  come  back  to  Earth.  This  force  also  keeps  the  ^loon  circling  round  the  Earth.  The  fact  that 
the  force  is  universal  adds  immensely  to  the  labours  of  astronomers,  for  not  only  does  the  Sun  pull  the 
planets  but  these  all  pull  each  other  and  make  small  changes  in  their  paths  round  the  Sun.  Some  of  these 
changes  go  on  alwaj-s  in  the  same  direction,  others  swing  to  and  fro,  like  a  pendulum.  The  two  points 
that  are  of  most  importance  for  the  well-being  of  inhabitants,  that  is,  the  distance  from  the  Sun,  and  the 
■eccentricity  or  amount  by  which  the  Sun  is  out  of ,  the  middle  of  the  path,  are  not  subject  to  large 
changes,  so  that  if  a  planet  is  adapted  for  the  support  of  inhabitants  it  will  continue  in  that  state  for 
countless  ages  :  the  action  of  the  other  planets  may  slightly  modify  the  conditions,  but  will  not  alter 
them  to  a  destructive  degree.  One  very  important  action  of  this  kind  is  tidal  action.  The  Sun  and  ]\Ioon 
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PATH    OF    MARS    AMONG    THE    STARS    IN    1907. 
This  diagram  shows  the  nature  of  the  movement  of  an  outer  planet  among  the  stars  about  the  time  of  its  "  Opposition,"  or 
near  approach  to  the  Earth.     Mars  moves  forward  from  the  Scorpion  to  the  Archer  up  till  mid- June  ;  then  it  halts,  and  moves 
back   till  the  end  of  August,  when  it  again  halts,  and  then  resumes  its  forward  march  ;    it  is  nearest  to  the  Earth  midway 

between  the  two  halts. 


pull  all  portions  of  the  Earth  towards  them,  but  they  pull  most  strongly  those  portions  that  are 
nearest  to  them.  The  result  is  a  certain  distortion  of  the  Earth's  surface  ;  this  takes  place  even  in 
the  solid  ground  but  the  mobile  water  of  the  oceans  yields  more  readily,  and  so  shows  more  tidal 
motion.  These  tides  act  to  a  very  small  degree  as  a  brake  on  the  Earth's  rotation,  which  is  becoming 
slightly  slower  ;  as  a  result  the  Moon  is  very  slowly  increasing  its  distance  from  the  Earth.  If  the 
action  were  continued  long  enough,  the  Earth  would  at  last  always  turn  the  same  face  to  the  Moon, 
as  the  Moon  now  does  to  the  Earth;  This  is  doubtless  the  effect  of  the  great  tides  that  the  Earth  once 
raised  in  the  Moon. 

The  Moon  at  times  comes  between   the   Earth   and  the   Sun,  and  eclipses  all  or  part  of  the 
Sun's  light.     \Vhen  all  is  cut  off  the  eclipse  is  said  to  be  total :   the  view  of  totality  is,  however. 
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limited  to  a  narrow  tract  of  country,  say  100  miles  or  less  in  width,  but  thousands  of  niUes 
long.  These  eclipses  bring  vividly  before  us  the  absence  of  air  on  the  Moon  ;  if  any  were  present 
it  would  refract  or  bend  the  sunlight,  so  that  the  eclipse  would  not  appear  total.  These  eclipses  are 
of  great  value  for  studying  the  outer  appendages  of  the  Sun,  notably  the  corona,  a  most  beautiful 
halo  of  pearly  light,  which  sometimes  e.xtends  to  upwards  of  a  million  miles  from  the  Sun,  but  is 
wholly  invisible  e.xcept  during  totality.  Its  extreme  tenuity  is  shown  by  the  fact  that  some  comets 
have  moved  through  miUions  of  miles  of  corona  at  a  speed  of  300  miles  per  second,  without  the 
smallest  perceptible  loss  of  speed.  The  corona  may  consist  of  streams  of  ions,  or  infinitesimal  portions 
of  matter,  driven  off  from  the  Sun  into  space,  and  sometimes  reaching  the  Earth.  When  they  do  so 
they  produce  magnetic  storms  and  cause  displays  of  aurora,  or  "  Northern  Lights  "  ;  this  beautiful 
phenomenon  is  chiefly  visible  in  the  Polar  regions,  but  comes   much  farther  south  at  the  time  of 
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DISTANCES    OF    SATEI.I<ITES    FROM    PI<ANETS. 
The  Satellite  distances  are  here  shown  on  a  uniform  scale,  except  the  very  distant  Satellites  of  Jupiter  and  Saturn,  which  are 
shown  on  the  upper  inset  on  i[Vth  of  the  scale  of  main  diagram.    Phobos  is  at  ^ths  of  Deimos's  distance  from  Mars;   it  is  shown 
on  lower  inset  on  twenty  times  the  scale  of  main  diagrarii.     The  dimensions  of  the  globes  of  the  large  planets  and  of  Saturn's 

ring  are  shown. 

magnetic  storms.  It  is  supposed  to  be  caused  by  certain  rare  gases,  very  high  up  in  our  atmosphere, 
which  are  made  to  glow  by  the  discharge  from  the  Sun.  Magnetic  needles,  such  as  compasses,  are 
violently  agitated  during  magnetic  storms. 

Total  eclipses  of  the  Sun  arc  common  on  the  Earth  as  a  whole,  occurring  every  year  or  two,  but  they 
are  rare  at  particular  places.  There  have  been  none  in  England  for  two  centuries,  but  there  will  be  one 
in  the  northern  counties  on  June  29,  1927.  All  who  can  should  take  advantage  of  the  opportunity, 
as  there  will  be  no  other  totality  in  England  till  1999. 
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There  arn  many  records  of  total  eclipses  in  ancient  historj-.  They  have  served  both  to  fix  certain 
dates  and  to  show  that  the  Moon  appears  to  move  faster  century  by  century  :  part  of  the  seeming 
acceleration  is  really  due  to  the  Earth  rotating  more  slowly,  thus  giving  the  ^loon  more  time  to  move 
in  a  day,  or  a  given  number  of  days. 

Eclipses  of  the  Moon  are  more  often  visible  at  a  given  place  than  those  of  the  Sun  :  they  are  due  to 
the  Moon  entering  the  shadow  of  the  Earth,  and  so  ceasing  to  reflect  direct  sunlight.  If  the  Earth  had 
no  atmosphere,  the  Moon  would  lose  all  light  at  such  times,  but  the  atmosphere  has  the  power  of  bending 
light  (just  as  a  stick  appears  bent  when  inserted  in  water).  Some  of  this  bent  light  falls  on  the  Moon, 
but  it  is  reddened  by  passing  through  the  thick  layers  of  our  air,  just  as  the  setting  Sun  looks  red ;  the 
eclipsed  Moon  has  generally  a  deep  coppery  hue,  but  some  eclipses  are  darker  than  others,  according  to 
the  degree  of  cloudiness  of  our  air  ;  the  unusually  dark  eclipse  of  October  1884  was  ascribed  to  the  air 
being  charged  with  dust  from  the  great  eruption  of  Krakatoa  in  1883. 
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JUPITER'S    PATH    AMONG  THE    STARS. 

Jupiter,  like  Mars,  seems  to  move  backwards  among  the  stars  when  nearest  to  the  Earth.    It  halted  on  February  25,  and 
then  went  forward.   Between  June  and  August  it  was  too  near  the  Sun  to  be  seen.  It  halted  again  on  December  1.    Jupiter 

advances  about  one  constellation  a  year. 


The  moons  of  other  planets  also  undergo  eclipses  in  the  shadows  of  their  primaries.  Eclipses  of 
Jupiter's  moons  arc  frequent,  and  easy  to  observe  with  a  small  telescope.  It  was  by  means  of  them  that 
it  was  first  proved  that  light  does  not  travel  instantaneously,  as  the  eclipses  were  seen  earlier  than  was 
expected  when  Jupiter  was  nearest  to  the  Earth,  and  later  than  expected  when  it  was  farthest  away. 
The  deduced  time  for  light  to  come  from  the  Sun  to  the  Earth  was  8J  minutes :  it  takes  four  hours  from 
the  farthest  planet  Neptune,  but  four  years  from  the  nearest  fixed  star.  The  wireless  messages  that  are 
now  so  familiar  travel  with  the  same  speed  as  light,  and  go  from  France  to  Australia  in  one-twentieth  of 
a  second. 

An  occurrence  of  the  same  nature  as  a  Solar  eclipse  is  the  crossing  of  the  disc  of  the  Sun  by  the 
planets  Mercury  and  Venus,  which  are  the  only  two  that  are  nearer  to  the  Sun  than  we  are.  Those  of 


THE    EARTH    AND    MOON 


SPACE. 


This  picture  helps  us  to  realise  how  the  Earth  and  Moon  hang  freely  in  space  without  any  support.     It  is  important  to 

remember  that  the  domiward  direction  in  the  Solar  System  is  towards  the  Sun.     The  planets  would  fall  into  the  Sun  but  for 

their  rapid  motion,  which  keeps  them  circling  round  it.     Venus  is  also  shown  in  the  <listaiice  as  a  morning  star. 
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PATHS    OK    THE    S.MAI,!,    I'l.ANl.TS    Iii:T\Vi;i-;N    MARS    AND    JII'ITICR. 
Over  a  thoustind  of  these  tiny  worlds  art  knomi,  and  there  are  doubtless  thousiuids  more.     A  few,  like  Kros,  come  inside 
the  path  of  JIars,  while  others  cross  the  path  of  Jupiter.     Their  i)aths  are,  in  many  aiscs,  more  oval  and  more  tilted  than  those 
of  the  larger  planets.     They  arc  also  more  highly  inclined  ;    the  path  of  Pallas  makes  an  angle  of  nKjre  than  thirty  degrees  with 
that  of  the  large  planets.     These  i)eculiarities  in  the  asteroid  paths  may  Ik- due  to  the  great  disturbances  produced  by  Jupiter. 
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Mercurj-  take  place  on  the  average  at  seven-year  intervals,  the  next  one  being  in  May  1924.   (The  end  of 

it  is  visible  in  England.)   It  is  well  to  impress  on  the  reader  that  in  observing  anything  on  the  Sun  the 

eye  must  be  carefully  protected,  either  by  a  dark  glass  ])urchased  at  an  optician's,  or  by  a  deeply  smoked 

glass.   Using  such  a  screen,  Venus  can  be  seen  on  the  Sun  without  a  telescope,  but  ^Mercuryis  too  small 

to  see  without  magnification.  Unfortunately,  no  present  reader  of  these   words  can  hope   to  sec  a 

transit  of  Venus,  as  the  next  will  not  occur  till  the  j^ear  2004.     As  thirteen  revolutions  of  Venus  are 

very  nearly  the  same  length  as  eight  of  the  Earth,  pairs  of  transits  generally  occur  eight  years  apart, 

as  in   1874  and  1882,  and  again  in  2004  and  2012. 

Transits  of  Venus  afforded  the  first  method  of  obtaining  the  Sun's  distance   from  the   Earth. 

It    was    necessary    to    send 

observers    to    a    number  of  ^^^-. 

stations,      widely     scattered  '  .--''' '^ —  "'•. 

over  the  Earth's  surface,  who  .--'  '  -,_ 

should  each    note   the   exact 

times  at  which  Venus  entered 

fully  on  the  Sun  and  began  to  , ' - , 

leave  it.    One  observer  might  ,■  /''  "■■•.,^ 

see  the  entry  as  much  as  25  /  ,--  ^ ^-^Earth 

minutes  earlier  than  another  •'  ,■''  ,.--''  "  -.,  \-.^  \ 

who  was  thousands  of  miles  '  ,''.     ,,„yy 

away.    It  is  this  difference  of         ;  /  ,'/  Mercury 

time  that  enables  us  to  deduce        >      _  /  _/  _,,-":^l!L:  ■•.,  \  '.  ; 

the  distance  of  Venus  from        \  \  \  '  \  \  '.  \ 

the  Earth.     Ever   since  the        1  '•  \  I         J*  \  \  ' 

..•  f  Tz     1       .u  •  i  *  :  Sun  1 

time  of  Kepler  the    propor-         ■,  i  ;  :  ;  ; 

tionate  sizes  of  the  planetary  ',                      •,           \             '■,                           /         / 

orbits   have   been  known,  so  \                     \           ~'._            '-.                    /        / 

that     if     we    find    out     the  \                     \            ■•,            A^      ■''' 

distance     between    any    two  ^,                      '\               '■-.,               '       .,--'              ,/               / 

planets    it    is    a    matter    of  "•,                       "\_                ■2^5  da'^S                ,-''               / 

simple  multiplication  to  find  '\                         ■-•,,                                  _,--'' 

all     their     distances.      Now  "n                            ""■ — '' 

Venus,  when  in  transit  over  "--,                                ^  "^^                      ,--' 

the  Sun,  is  at  her  nearest  to  '"-.._                                             .,--'' 

the  Earth,  which  is  the  reason  '"■- -"'' 

why  these  times  were  chosen  687  day& 

as    specially    favourable    for  ''^^^  I'-^i"^  o^'  ™^''  I'OUR  iXNiiR  pi.anets. 

■         L        ^-   i  i^he  paths  of  Mercury,  X'cnus,  Karth,  and  Jlars  are  shown,  also  the  time  that  each 

measuring  ner  aistance.  ^^^^^  t„  travel  round  the  Sun.     The  paths  are  all  practically  circles,  but  the  Sun 

The     ancient    astronomers  '*  considerably  out  of  the  centre  of  those  of  .Mercury  and  Mars.     Jlercury,  when 

Viarl  -.    fairUr    arrnratp  VT>r>,«'  "earest  to  the  Sun,  is  only  J  of  its  farthest  distance  ;   it  receives  more  than  twice  the 

naa  a    lairiy    accurate  Know-  ug^t  and  heat  in  the  former  case  than  it  docs  in  the  latter. 

ledge  of  the  Moon's  distance 

(about  a  quarter  of  a  million  miles),  but  they  failed  utterly  in  their  attempts  to  measure  the  Sun's 
distance.  They  thought  that  it  was  19  times  the  distance  of  the  INIoon,  or  4i  million  miles,  an 
estimate  that  we  now  know  to  be  only  one-twentieth  of  its  real  distance  ;  but  the  false  estimate  held 
the  field  for  2,000  years,  and  it  was  not  till  many  years  after  the  invention  of  the  telescope  that 
serious  efforts  were  made  to  correct  the  estimate.  The  problem  is  by  no  means  an  easy  one,  and  the 
true  value  was  only  reached  by  many  steps.  Halley  appears  to  have  been  the  first  to  perceive  the 
utility  of  transits  of  Venus  ;  at  his  suggestion  elaborate  arrangements  were  made  for  observing  the 
two  transits  of  1761  and  1769.  The  observations  gave  9.j  million  miles  as  the  Sun's  distance.  This  was 
quite  a  good  appro.ximation,  though  the  value  now  accepted  is  m.ore  than  two  million  miles  less.   It  is 
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important  to  note  that  the  distance  itself  has  not  changed,  for  in  that  case  the  year  would  also  have 
changed  in  length. 

The  transits  of  1874  and  1882  still  left  considerable  uncertainty,  as  it  was  found  to  be  unexpectedly 
difficult  to  fix  the  instant  when  Venus  just  touched  the  edge  of  the  Sun.  Venus  is  surrounded  by  an 
extensive  atmosphere,  which  bends  the  Sun's  light,  and  causes  a.  bright  ring  to  be  seen  round  the  part 
of  the  planet  that  has  not  yet  entered.  Owing  to  this  ring  there  is  no  moment  at  which  the  two  edges 
appear  to  be  in  contact. 

Fortunately,  the  discovery  of  the  little  planet  Eros,  which  approaches  the  Earth  within  15  million 
miles,  affords  a  much  better  method  than  transits  of  Venus  for  finding  the  Sun's  distance  ;  it  made  a 
fairly  close  approach  to  the  Earth  in  1900,  and  will  make  a  still  closer  one  in  1931.  The  value  now 
accepted  for  the  Sun's  distance  {i.e.,  the  average  between  the  greatest  and  the  least  distances)  is 
92.900,000  miles.    This  is  unlikely  to  be  changed  in  the  future  by  much  more  than  100,000  miles,  or 


MOON'S  SH.Miow   OX  Tiii;   i;aktii    in   a   totai,   ixi.u'sb  of  thk  sun. 

All  the  heavenly  bodies  that  arc  not  selfluininous  tlircnv  long  tapering  shadows.    When  that  of  the  Moon  falls  on  the  Earth, 

as  it  does  every  two  years  or  thereabouts,  it  traverses  a  long  narrow  tract  of  country,  or  sea.    All  people  inside  this  track 

see  the  Sun  entirely  covered,  and  are  able  to  observe  the  corona. 

oni-thousandth  of  the  whole  distance.  The  reason  that  such  pains  are  taken  to  improve  our  knowledge 
of  the  distance  is  that  it  is  the  astronomer's  "  Yard  Measure,"  to  which  all  other  distances  are  referred. 
It  may  be  taken  as  cei  tain  that  transits  of  Venus  will  not  be  used  again  for  this  purpose,  though  they 
will  doubtless  always  be  observed  for  the  solution  of  other  problems. 

Though  the  planets  all  go  round  the  Sun  in  the  same  direction,  this  is  not  true  of  their 
rotation  on  their  axes  ;  the  two  outer  planets  spin  round  their  axes  in  the  reverse  direction  to  the 
rest.  Now  it  has  been  noticed  that  if  the  theories  of  planetary  development  from  streams  of 
particles  are  true,  the  particles  on  their  inner  sides  would  be  m.oving  njore  quickly  round  the 
Sun  than  those  on  the  outside;  this  would  make  the  planet. spin  backwards.  Hence  it  is  con- 
jectured  that  all   the  planets  originally  rotated   backwards.     If  a  gyroscope  is   set  spinning,  and 


A    TOTAI,    KCUPSE    OF    THE    SUX    SEEN    FROM    EGYPT. 

In  a  total  eclipse  of  the  Sun  the  Ught  quickly  chiuigcs  from  daylight  to  a  deep  gloom  almost  like  night.     The  Moon,  who<5e 

dark  side  is  towards  us,  appears  of  an  intense  black  ;   round  it  the  corona  is  seen  as  a  beautiful  pearly  radiance.     Bright  jets 

of  red  flame  (the  prominences)  are  often  seen.     Many  stars  also  become  visible. 


splendour  of  the  Heavens. 


99 


then  carried  round  in  a  circle  in  the  opposite 
direction  to  its  spin,  after  the  axis  which  supports 
it  has  been  clamped,  it  is  found  that  it  turns 
over,  so  as  to  make  the  two  motions  in  the  same 
direction.  It  is  supposed  that  the  tidal  action  of 
the  Sun  has  in  this  manner  turned  the  planets 
over,  with  the  exception  of  the  two  outer  ones, 
for  which  the  tidal  action  is  very  weak.  Uranus 
has,  however,  turned  nearly  half  over,  so  that  its 
axis  is  almost  in  the  plane  of  its  orbit,  while  Nep- 
tune has  hardly  turned  over  at  all.  The  outermost 
satellites  of  Jupiter  and  Saturn  go  round  these 
planets  in  the  backwards  direction  ;  some  have 
therefore  conjectured  that  they  date  back  to 
the  early  days  when  those  planets  rotated  back- 
wards. But  it  ma\'  also  mean  that  these  satellites 
are  later  additions  to  Jupiter's  family  through 
capture.  Capture  of  one  body  by  another  is  not 
such  a  simple  matter  as  is  sometimes  imagined. 
In  fact,  it  cannot  take  place  without  the  aid  of 
a  resisting  medium—  that  is,  an  extensive  region 


ORBITS  OF  THK  liARTH  AXD  A  SUPKRIOR  PLAXICT. 

AU  the  planets  outsiilc  the  Rirth  are  Ixst  placed  for  ob.serva- 
tion  when  in  "Opposition"  or  exactly  opposite  the  .Sun. 
They  are  said  to  bo  in  "  <,>uadraturt  "  when  their  direction  is  at 
right  angles  to  that  of  tlie  Sun.  \\Tien  in  or  near  conjunction 
thev  cannot  be  seen. 


CONJUNCTIOlT- 


/  GREATEST 
/ELONGATION 
/        WEST      / 

// 


;reatest  \ 

EJ5NGATI0n\ 
,      EAST 


CONJUNCTION 


ORBITS  OF  THE  EARTH  AND  AN  INFERIOR 
PI,ANET. 
This  picture  applies  to  the  planets  Jlercury  and  Venus.  They 
are  nearest  to  the  Earth  when  in  a  line  l)etween  it  and  the 
Sun  ;  they  then  turn  their  dark  side  to  us,  and  are  invisible 
except  when  they  pass  across  the  face  c  )f  the  Sun.  They  are 
best  seen  when  in  Elongation  ICast  (evening)  or  West 
(morning). 

round  the  larger  body  filled  with  gas  or  scattered 
dust  which  retards  the  motion  of  the  other  body 
and  thus  brings  it  under  the  control  of  the  large 
one.  There  is  certainlj-  no  medium  of  the 
requisite  density  nowada}-s  in  any  part  of  the 
Solar  System  ;  but  if  the  planetesimal  hypothesis 
is  true,  there  must  have  been  abundance  of  it 
in  the  early  days  of  the  system,  and  it 
probably  required  a  long  time  for  it  to  be  wholly 
absorbed  in  other  bodies,  ^^'e  note  that  the 
asteroids  approach  close  to  Jupiter's  orbit,  and 
many  of  them  are  as  large  as  these  outer  satel- 
lites, which  are  not  more  than  100  miles  in 
diameter.  The  suggestion  that  the  satellites  are 
captured  asteroids  is  therefore  reasonable.  It 
should  be  noted  that  their  retrograde  motion 
round  Jupiter  does  not  mean  that  their  motion 
round  the  Sun  before  capture  was  retrograde. 
The  speed  of  their  motion  round  Jupiter  is  much 
less  than   Jupiter's  speed  round    the    Sun,   so 
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that  if  they  escaped  from  Jupiter  they  would  go  round  the  Sun  forw-ard,  not  backward.  It  has, 
in  fact,  been  shown  mathematically  that  it  is  easier  for  bodies  to  be  captured  as  retrograde  satellites 
than  as  direct  ones. 

The  origin  of  the  large  inner  satellites  of  the  giant  planets  is  not  likely  to  have  been  by  capture. 
Both  their  sizes  and  their  paths  are  related  to  each  other  in  a  manner  that  makes  it  likely  that  they 
are  true  members  of  a  common  family,  not  mere  vagrants  swept  in  from  outside. 

Reference  should  be  made  here  to  the  illustration  on  page  3  of  the  conjectured  birth  of  the  Moon. 
The  theory  there  illustrated  was  worked  out  by  Sir  George  Darwin.  He  supposed  the  Earth  to  have 
rotated  originally  in  four  or  five  hours,  and  that  tides  raised  by  the  Sun  caused  it  to  become  first  egg- 
shaped,  then  pear-shaped,  and  finally  to  break  into  two  very  unequal  parts,  the  smaller  of  which 

became  the  Moon  ;  each 
body  would  cause  tides  on 
the^  other.  Those  by  the 
Earth  on  the  Moon  slowed 
down  its  spin  till  it  per- 
petually turned  one  face 
to  the  Earth,  as  it  still 
does  to-day.  The  tides  on 
the  Earth  are  supposed  to 
have  lengthened  its  day 
from  five  hours  to  24,  with 
a  corresponding  increase  in 
the  Moon's  distance.  The 
process  is  still  going  on, 
though  \-ery  slowly. 

Sir  G.  Darwin  examined 
whether  the  same  theory 
would  account  for  other 
satellites,  but  the  answer 
seems  to  be  in  the  negative. 
All  the  other  satellites  are 
very  much  more  insigni- 
ficant in  size,  compared 
with  their  primaries,  than 
the  Moon  is  compared 
with  the  Earth  ;  also  the 
tidal  action  of  the  Sun 
on  the  exterior  planets  is 
hardly  strong  enough  to 
have  caused  a  disruption. 
While  we  know  nothing 
for  certain  in  the  matter,  we  may  conjecture  that  when  the  giant  planets  were  still  dust-clouds,  small 
subordinate  nuclei  arose  in  fhem,  in  addition  to  the  main  central  one. 

A  study  of  the  planes  or  levels  in  which  the  satellites  travel  round  their  primaries  is  instructive. 
All  satellites  that  arc  very  close  to  their  primaries  travel  in  the  plane  of  the  planet's  equator,  or  very 
close  to  it.  This  is  the  case  with  the  two  tiny  satellites  of  Mars,  with  the  five  inner  satellites  of  Jupiter, 
and  the  seven  inner  ones  of  Saturn.  The  four  satellites  of  Uranus  all  move  in  the  plane  of  its  equator  ; 
this  is  known  to  be  the  case,  for  otherwise  the  equatorial  bulge  of  the  planet  would  cause  their  planes 
to  shift,  a  process  that  is  actually  going  on  in  the  case  of  Neptune's  satellite  and  that  enables  us  to  say 
approximatelj-  how  Neptune's  equator  is  situated.    Our  Moon  and  the  two  outer  satellites  of  Saturn 


TRANSIT    OF    \'ENUS. 
A  transit  of  Venus  is  very  rare  ;   the  next  two  will  be  in  2004  and  2012.     The  planet  can 
be  seen  without  a  telescope  (but  using  a  dark  glass)  as  a  round  black  spot,  which  passes 
in  a  few  hours  across  the  Sun.     Transits  have  been  used  to  find  the  Sun's  distance. 


[By  Max  Ratbel. 
THE  AURORA  BORKALIS. 
It  has  been  seen  (pa^e  27)  that  the  Sun  at  times  sends  out  streams  of  clectritietl  particles.  When  these  reach  the  Earth  they 
cause  a  magnetic  storm,  and  also  cause  displays  of  Aurora  Borealis,  which  are  due  to  the  glowing  of  certain  rare  gases  very 
high  up  in  the  atmosphere.  They  often  assume  very  beautiful  shapes,  and  change  rapidly  in  appearance.  They  are  commonest 
in  high  latitu<lcs,  but  in  intense  magnetic  storms  they  are  seen  much  farther  south.     There  is  an  11 -year  period  in  aurorse, 

corresponding  to  that  in  sunsiK)ts. 
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move  in  nearly  the  same  plane  as  that  in  which  the  primary  goes  round  the  Sim.  On  the  other  hand, 
the  four  outer  satellites  of  Jupiter,  which  are  all  very  tiny  bodies  about  100  miles  in  diameter,  move 
in  planes  that  are  highly  inclined  both  to  Jupiter's  equator  and  to  his  orbit  ;  this  is  a  further  argument 
in  favour  of  their  being  captured  bodies. 

I  have  said  that  the  Moon's  case  is  unique.  I  am  following  Sir  G.  Darwin  in,this,  but  I  add  on  my  own 
account  that  there  is  the  possibility  of  a  second  example  being  present  in  the  Solar  System,  though  the 
matter  is  extremely  speculative.  The  suggestion  is  that  Mercury  may  originalh-  have  been  a  satellite 
of  Venus  that  has  subsequently  escaped  from  it  and  become  a  separate  planet.  The  idea  occurred  in- 
dependently to  two  people— Mr.  George  Craig,  of  Glasgow,  and  Dr.  Harold  Jeffreys.  The  latter  dismissed 


PHASES    OF    SATURN'S    KING. 
Saturn,  like  the  Earth,  spins  on  an  a.\is  inclined  to  the  level  in  which  it  goes  round  the  Smi.      For  half  its  period  of  29J  years 
the  Sun  shines  on  the  north  pole  of  the  planet,  and  on  the  northern  face  of  the  ring  ;    for  the  other  half  on  the  southern  face. 

At  the  equinoxes  of  Saturn  the  ring  is  turned  edgewise. 


the  idea  after  consideration,  but  his  grounds  for  doing  so  do  not  seem  to  me  to  be  quite  convincing. 
While  it  is  impossible  that  the  idea  should  ever  become  more  than  a  wild  guess,  it  does  seem  to  explain 
a  good  many  points  that  are  otherwise  puzzling.  In  the  first  place  Venus  and  the  Earth  are  so  alike 
in  size,  and  such  near  neighbours,  that  we  should  expect  them  to  begin  their  career  with  something 
like  the  same  rotational  speed.  But  if  solar  tides  tended  to  produce  disruption  on  the  Earth,  they 
would  do  so  still  more  on  Venus,  sirice  there  they  would  be  two  and  a  half  times  as  strong.  There  would 
thus  be  nothing  surprising  in  a  larger  piece  breaking  off,  and  in  fact  we  find  that  Mercury  is  three  times 
as  heavy  as  the  Moon.  The  presence  of  this  great  satellite  would  of  course  raise  high  tides  on  Venus, 
which,  in  addition  to  the  strong  solar  ones,  would  rapidly  check  its  rotation.  Now  the  latest  results  of 
the  spectroscope  applied  to  Venus  suggest  that  its  time  of  spin  is  not  less  than  a  fortnight.    Mercury 
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•would  have  its  rotation  checked  still  more  rapidly,  and  the  reaction  of  its  tides  on  Wnus  would  cause 
it  to  recede  from  it  much  quicker  than  the  Moon  did  from  the  Earth.  Now  there  would  be 
a  limit  of  recession,  beyond  which  the  satellite  would  cease  to  be  subject  to  its  piimary,  and 
might  become  an  independent  planet.  This  limit  would  be  reached  sooner  with  Venus  than  with 
the  Earth,  owing  to  its  greater  nearness  to  the  Sun.  Supposing  that  Mercury  "  oscaptHl  "  when  it 
was  at  "  New  Moon,"  its  subsequent  orbit  would  be  an  ellipse,  distinctly  smaller  than  the  orbit  of 
Venus.  To  explain  how  it  got  into  its  present  orbit  it  is  necessary  to  imagine  a  considerable  amoimt 
of  resisting  medium,  which  would  act  more  effectively  on  Mercuiy  than  on  Venus,  since  the  former 
has  less  than  one-twentieth   as  much   matter  in  it  as  the  latter,  and  also  has  its  materials  less 

tightly  packed.    As  the  Zodi- 

M.  I"!    ,  iL  ill  III  1 1 II  m,:  ~ 


acal  Light  extends  beyond  the 
orbit  of  Venus,  it  is  evident 
that  even  to-day  there  is  a 
measurable  amount  of  resisting 
medium  present  ;  it  is  quite 
probable  that  this  was  denser 
in  the  early  days  of  the  Solar 
System. 

Two  other  considerations 
may  be  mentioned  which  tend 
to  support  the  above  suggestion 
concerning  Mercury's  origin  ; 
first,  almost  all  observers  are 
now  agreed  that  Mercury  al-. 
ways  turns  the  same  face  to  the 
Sun,  its  time  of  rotation  being 
88  days,  the  same  as  its  year. 
Undoubtedly  the  tides  raised  by 
the  Sun  on  Mercury  have  played 
a  part  in  bringing  this  about 
but  it  would  be  a  help  to  sup- 
pose that  the  rotation  had  first 
been  slowed  down  by  the  action 
of  Venus  ;  secondly,  as  we  shall 
see  below,  the  albedoes,  or 
degrees  of  whiteness,  of  the 
Moon  and  Mercury  are  nearly 
the  same,  so  that  they  may 
well  have  had  a  similar  history. 
The  word  "  albedo  "  is  used  to  express  the  reflective  power  of  a  planet's  surface,  or  the  fraction  of  the 
sunlight  falling  upon  it  that  it  sends  back  into  space.  It  is  by  no  means  an  easy  matter  to  find  it ; 
it  involves  the  comparison  of  both  Sun  and  planet  with  some  standard  source  of  light,  such  as  a  candle. 
It  is  convenient  for  this  purpose  to  use  a  diminished  image  of  the  Sun,  produced  by  a  little  silvered 
bulb.  Allowance  has  to  be  made  for  the  different  distances  of  the  planets  from  the  Sun.  The  results 
indicate  clearly  that  the  more  atmosphere  a  planet  has,  the  higher  its  albedo.  It  is  high  for  all  the 
giant  planets,  especially  for  Jupiter,  Saturn,  Uranus,  Neptune,"  which  reflect  about  half  of  the  light 
that  they  receive  ;  the  amount  for  Venus  is  also  one  half ;  that  for  the  Earth  is  probably  somewhat 
less  ;  that  for  Mars  is  one-quarter  or  less  ;  the  Moon  and  Mercury  come  at  the  bottom  of  the  scale  with 
the  figure  one-sixth  or  less.  An  attempt  has  been  made  to  show  the  proportions  in  a  picture  ;  it  can 
only  claim  to  be  very  rough,  and  we  may  observe  that  the  disc  of  plain  paper,  supposed  to  represent 


TRANSIT    OF    MERCURY. 
Mercury  transits  the  Sun  every  seven  years  (on  the  average).     It  is  too  small  to 
be  seen  on  the  Sun  without  a  telescope ;    unlike  Venus  it  shows  no  signs  of  an 
atmosphere  when  entering  the  Sun  ;  it  is  probably  a  dead  world,  airless  and  waterless, 

Uke  the  Moon. 


[By  Arthur  Twiddle. 
SOME  REMARKABI<E  COMETS. 
A  bright  comet  with  a  long  tail  is  one  of  the  most  striking  spectacles  that  the  Heavens  present.  It  cannot  as  a  .-iile  be  predicted, 
for  most  bright  comets  have  periods  many  centuries  in  length.  Comets  are  believed  to  consist  of  dense  swarms  of  meteors, 
containing  much  gas  which  is  driven  out  and  repelled  by  light-pressure  when  they  approach  the  Sun.  Sometimes  comets 
have  several  tails.  That  of  1744  (middle  of  picture)  had  six.  Donati's  comet  of  1858  is  shown  in  the  left-hand  top  corner, 
the  bright  star  beside  it  being  Arcturus.      Coggia's  of  1874  is  below  it.      The  appearance  of  the  head  of  Halley's  in  1836 

shown  in  bottom  right  comer. 


A    FIRE-BAH. 
These  are  large  masses  of  stone  or  iron,  probably  formerly  attached  to  comets,  that  enter  the  Earth's  atmosphere  at  a  high 
speed.     Friction  with  the  air  causes  them  to  glow.     Many  of  them  are  entirely  consume<l   before  reaching  the  Earth,  but 
occasionally  fragments  of  them  fall  to  the  ground,  and  can  be  analysed.      They  are  generally  found  to  contain  much  hydrogen, 
which  may  imply  that  they  once  formed  part  of  some  large  orb,  either  Sun  or  giant  planet,  for  it  is  only  in  these  that  free 

hydrogen  is  found. 
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perfect  whiteness,  really  reflects  only  six-tenths  of  the  light  that  falls  upon  it.  Newly-fallen  snow  is 
the  whitest  thing  we  know,  but  even  this  has  an  albedo  of  only  seven-tenths.  The  planets  are  not 
equally  bright  all  over,  but  have  brighter  and  darker  patches  ;  the  average  for  the  whole  surface  is  used. 

We  cannot  see  our  Earth  from  outside,  but  estimates  have  been  made  in  two  ways  :  by  measuring 
the  faint  light  which  the  Earth  throws  on  the  Moon  when  nearly  new  (the  appearance  is  somietim^es 
called  "  The  old  Moon  in  the  new  Moon's  arms  "),  and  again  by  studying  the  intensity  of  Eolar  radiation 
at  various  heights  in  the  air  ;  apparatus  for  the  purpose  is  sent  up  in  sm.all  balloons,  which  rise  to  a 
height  of  some  15  mUes. 

It  is  important  to  note  that  when  there  is  a  high  albedo,  much  of  the  sunlight  and  heat  is  reflected 
away  from  the  upper  air,  without  reaching  the  surface  at  all.  The  lower  albedo  of  Mars,  due  to  the 
thin  air  and  small  proportion  of  cloud,  m.eans  that  most  of  the  sunlight  that  falls  on  the  planet  is 
available  for  warming  its  surface  ;  hence  we  can  understand  the  snow  melting  rapidly  in  the  long 
continuous  day  at  the  poles,  and  the  fact  that  in  lower  latitudes  the  temperature  appears  to  rise  con- 
siderably above  freezing  point  in  the  daytime,  though  there  must  be  very  severe  frosts  at  night. 


\i..Ms   i:xti;kini',   on  the  sun. 

This  picture  shows  on  a  large  scale  the  appearance  presented  at  a  Transit  of  Venus.     While  part  of  the  planet  is  still  outside, 

it  is  seen  surrounded  by  a  bright  ring  due  to  sunlight  bent  by  the  planet's  atmosphere.     When  the  planet  has  entered  on  the 

Sun  a  dark  shading  is  seen  between  it  and  the  Sun's  edge.     It  is  very  difficult  to  fix  the  instant  of  true  contact. 

The  Moon  looks  so  bright  at  night  that  it  is  hard  to  believe  that  its  reflective  power  is  so  low.  But 
contrast  with  the  blackness  of  space  makes  it  look  brighter,  and  the  increased  size  of  the  retina  of  the 
eye  at  night,  described  by  Dr.  Steavenson,  also  plays  a  part.  When  we  see  the  Moon  in  the  daytim.e 
we  notice  that  it  is  very  decidedly  less  bright  than  white  clouds  ;  when  seen  close  to  a  sandstone  cliff, 
the  brightness  of  the  two  has  been  found  to  be  nearly  the  sam.e.  Proctor  remarked  that  if  the  Moon 
were  covered  with  black  velvet  it  would  still  appear  white  at  night,  though  much  less  brilliant  than  it 
actually  looks. 

I  conclude  this  chapter  by  explaining  the  law  of  planetary  distances  put  forward  by  Titius  and 
Bode ;  it  has  played  a  part  in  history  by  inciting  astronomers  to  search  for  a  planet  between  Mars 
and  Jupiter,  and  it  is  also  a  help  in  committing  the  planetary  distances  to  m.emory. 

Write  down  the  series  of  numbers  3,  6,  12,  24,  48,  96,  192,  384  ;  each  number  is  double  the  preceding 
one  ;  add  4  to  each,  and  also  write  4  before  the  series  ;  we  obtain  4,  7,  10,  16,  28,  52,  100,  196,  388. 
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Taking  the  distance  of  the  E^rth  as  10,  the  other  numbers  represent  quite  closely  the  distances  of  the 
several  planets.  The  law  was  put  forward  before  the  asteroids  or  the  two  outer  planets  were  known  ;  it 
suggested  an  obvious  gap  between  the  orbits  of  Mars  (16)  and  Jupiter  (52) .  When  Uranus  was  discovered 
by  Sir  W.  Herschel,  its  distance  was  found  to  fit  very  well  with  the  law,  thus  strengthening  the  conviction 
of  a  missing  planet,  so  that  a  society  of  astronomers  was  formed,  who  mapped  out  the  sky  between 
them,  in  the  endeavour  to  locate  it ;  Piazzi,  who  found  Ceres,  was  not  actually  one  of  this  company, 
but  he  was  no  doubt  inspired  to  some  extent  by  their  zeal.  Bode's  law  agrees  well  both  with  Ceres 
and  with  the  average  asteroid  orbit. 

When  Uranus  had  been  observed  for  many  years  it  was  found  to  deviate  from  the  path  laid  down 
for  it ;  both  Adams  and  Le  Verrier  conjectured  that  an  external  planet  was  disturbing  it,  and  calculated 


AI<BEDO    OR    REKI^ECTIVE    POWER    OF    THE    PI<ANETS. 

Disc  I  is  intended  to  represent  perfect  whiteness.     Disc  2  the  reflective  power  of  Venus,  Jupiter,  Saturn,  Uranus,  Neptune. 
Disc  3,  that  of  the  Earth.     Disc  4,  that  of  Mats.     Disc  5,  that  of  the  Moon.     Disc  6,  that  of  Mercury.     Planets  with  extensive 

atmosphere  arc  brighter  than  those  without. 


the  position  of  the  latter.  They  both  assumed  the  distance  of  the  unknown  in  accordance  with  Bode's 
law,  though  shortly  before  the  actual  finding  Adams  concluded  that  its  real  distance  was  smaller  ; 
the  true  distance,  in  fact,  is  301  instead  of  388,  so  that  Bode's  law  breaks  down  badly  here.  Possibly 
the  failure  indicates  that  we  have  reached  the  boundary  of  the  family  of  planets.  It  is  at  least  certain 
that  there  is  no  planet  as  large  as  Neptune  for  a  very  considerable  distance  beyond  it ;  if  there  were, 
its  disttu-bing  effects  on  Neptune  and  Uranus  would  have  been  recognised.  There  are  no  irregularities 
in  their  motion  approaching  in  size  those  exhibited  by  Uranus  before  Neptune  was  found.  Much  work 
has  been  done  in  the  endeavour  to  find  such  a  planet,  both  by  a  study  of  these  small  disturbances  and 
by  examination  of  cometary  orbits.  Each  of  the  four  giant  planets  has  a  family  of  comets,  whose 
orbits  are  grouped  in  a  special  manner  with  regard  to  its  orbit.  Now  there  are  signs  of  similar  comet 
groups  at  greater  distances,  which  may  possibly  indicate  the  existence  of  planets.    Repeated  telescopic 


A    GROUP    OF    METKORITIiS. 

These  are  some  of  the  large  FlreTBalls  that  have  fallen  to  Earth,  and  are  preserved  in  our  Museums.     They  are  of  singular 

interest,  for  in  them  we  can  actually  touch  and  handle  objects  that  have  certainly  come  from  outer  space,  and  that  may, 

not  improbably,  have  once  formed  portions  of  other  worlds.     The  fact  that  iron  is  such  a  frequent,  ingredient  of  meteorites 

shows  that  it  is  one  of  the  most  important  elenunts  in  world-structure. 
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search  has  been  made  for  such  bodies ;  if  they  exist,  the  numerous  photographs  that  are  now  taken  of 
the  heavens  will  probably  reveal  them  sooner  or  later.  In  a  photograph  with  long  exposure  a  pjanet 
is  distinguished  from  a  star  by  its  appearing  as  a  short  trail,  in  consequence  of  its  motion  during  the 
exposure.  This  is,  in  fact,  the  usual  method  of  finding  minor  planets  ;  their  motion  is,  however,  .much 
more  rapid  than  that  of  a  trans-Neptunian  planet  would  be.  H^. 
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COMPARATIVE    SIZES    OF    THE    SATEI.LITES. 

The  sizes  of  the  Satellites  are  shown  on  the  same  scale — Phobos,  Deimos,  Phoebe,  and  Jupiter  V,  VI,  VII,  VIII,  IX   being 
somewhat  exaggerated.     The  SateUites  of  each  planet  are  arranged   in  a  line,  the  planets  here  being  given  on  the  right. 

Ganymede  and  Titan  are  nearly  as  large  as  Mercury. 


CHAPTER  III. 

77//:'  SUN  AND  SUN  SPOTS. 

By  a.  S.  D.  Maunder,  F.R.A.S. 

THE  history  of  the  progress  of  knowledge  concerning  the  Sun  and  its  surface — at  least  so  far 
as  Europeans  are  concerned — falls  into  three  sharply  defined  periods.  From  the  beginning 
of  the  world  up  to  the  year  a.d.  1610,  it  was  known  that  there  was  a  Sun.  From  1610  to 
1826,  it  was  known  that  sometimes  there  were  spots  upon  the  Sun,  and  that  it  rotated  on  its  axis. 
In  1826,  Schwabe  began  his  systematic  study  of  the  Sun's  surface ;  out  of  this  has  grown  all  that 
we  know  of  it  to-day. 

From  the  days  of  Ptolemy  to  those  of  Tycho  Brahe,  men  in  Europe  were  not  observers  of  the 
heavens.     They  accepted  the  dictum  of  Socrates  to  Simmias:     "  We  neither  hear  nor  see  anything 
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with  accuracy.  If,  however,  these  bodily  senses  are  neither  accurate  nor  clear  .  .  .  must  it  not 
then  be  by  reasoning,  if  at  all,  that  any  of  the  things  that  really  are  become  known  to  it  ?  And 
surely  the  soul  then  reasons  best  when  none  of  these  things  disturb  it,  neither  hearing,  nor 
sight  .  .  .  but  it  retires  as  much  as  possible  within  itself  .  .  .  and  ...  it  aims  at  the 
discovery  of  that  which  is." 

This  being  so,  it  is  to  the  Chinese  Annals  that  we  are  indebted  for  observations  which  lead  us  to 
believe  that  before  the  year  a.d. 
1610,  there  were  sometimes 
spots  upon  the  Sun.  In  the 
twelfth  volume  of  the  ' '  Ob- 
servatory Magazine,"  Mr.  S. 
Hirayama  of  the  Tokyo  Ob- 
servatory has  collected  together 
these  early  sunspot  observa- 
tions, 95  in  number,  between 
A.D.  188  February  14,  and  1638 
December  10.  The  usual  des- 
cription is  "  fleckle  in  the  Sun," 
but  five  times  the  spot  is 
described  as  "bird-shaped"  or 
"  flying  bird-shaped,"  twice  as 
'egg-shaped,"  and  four  times 
as  "  like  an  apple."  From  our 
knowledge  of  sunspots  to-day, 
we  can  guess  what  these 
descriptions  represent.  The 
"  apple- shape  "  is  a  round 
"  regular  "  spot ;  in  the  "  egg- 
shape  "  we  recognise  the  great 
complex  spot  of  solar  activity 
near  its  maximum,  longer  than 
it  is  broad,  drawn  out  in  solar 
longitude;  in  the  "flying 
bird  "  we  have  the  great  bipolar 
stream  with  its  "  leader  "  spot 
and  "  trailer  "  spot. 

With  but  95  spots  recorded 
in  1,450  years,  there  are  gaps, 
sometimes  of  several  centuries, 
between  two  consecutive  ob- 
servations. Knowing  some 
laws  of  sunspots  to-day,  it  is 
interesting  to  see  if  any  of 
these  laws  held  good  then.  In 
the  last  five  solar  cycles,  the  maximum  of  activity  has  recurred  in  a  mean  period  of  about 
11 1  years.  Professor  Newcomb  derived  an  average  period  of  IM  years  from  all  recorded  obser- 
vations. A  mean  period  of  11-06  years  suits  the  Chinese  records  above,  but  the  "  apple-shaped  " 
records  give  11-03  years,  the  "egg-shaped  "  11-07,  and  the  "flying  birds"  fit  very  neatly  into  12-22 
years.  On  the  whole  we  may  suppose  that  something  very  near  our  present  cyclical  period  has  held 
good  throughout  the  whole  of  our  era,  though  there  is  a  suspicion  that  it   may  have  lengthened. 


[By  Max  Raebel. 

AURORA    BOREALIS. 

In  England,  Aurorae  are  only  seen  when  there  is  a  great  Solar  Disturbance,  but  in 

regions  nearer  the  north  magnetic  pole  they  are  of  frequent  occurrence.     The  writer 

has  often  seen   in  Labrador  the  whole  sky  shivering  with  lights  and  shadows  (as 

above)  as  if  ghostly  soldiers  patrolled  behind  misty  battlements. 


Area 


LatUudt 


E.  WttiUr  Maunder]  {Royal  Astronomical  Society, 

SPOERER'S  I,AW. 
In  the  top  diagram,  the  broken  line  giving  the  mean  latitude  of  spots  for  the  different  years  shows  that  each  pulse  of  Solar  activity  is 
distinct  from  the  one  before  and  after  it,  and  that  it  begins  in  high  latitude  (when  spots  are  fewest)  and  ends  in  low  latitudes  just  as  the 
next  pulse  begins.  The  continuous  line  gives  the  area  of  spottedncss,  and  it  will  be  seen  that  its  peaks,  indicating  maximum 
spottedness,  come  in  those  years  when  the  broken  line  shows  the  mean  latitude  to  be  between  13°  and  18°.  The  lower  diagram  gives 
the  percentage  of  spotless  days,  and  it  shows  that  there  is  no  doubt  when  the  year  of  Solar  minimum  falls  between  1826  and  1912. 
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These  sunspots  must  have  been  very  large  and  the  conditions  for  seeing  the  Sun's  surface  must 
have  been  very  appropriate  for  the  Chinese  to  have  been  able  to  observe  them  at  all.  With  the  naked 
eye,  we  can  only  see  spots  on  the  Sun's  surface  when  its  brightness  is  toned  down  by  fog  at  midday 
or  by  the  horizon  haze  at  sunrise  or  sunset.  In  the  1,450  years  of  the  Chinese  Annals,  the  number 
of  sunspots  observed  in  each  month  is  as  follows : — January,  15  ;  February,  9  ;  March,  17  ;  April,  11 ; 
May,  7  ;  June,  2,  July,  1 ;  August,  12  ;  September,  2 ;  October,  7  ;  November,  8  ;  December,  14 ;  from 
November  to  April,  74  ;  from  May 
to  October,  21.  Or  three  times  as 
many  sunspots  were  observed  in  the 
six  winter  months  as  in  the  six 
summer  months.  Of  the  "  flying- 
bird  "  shaped  spots,  which  would 
need  very  steady,  but  foggy,  con- 
ditions, one  was  seen  in  January, 
three  in  February,  and  one  in  April. 
Also  since  the  Sun  is  nearer  to  us  in 
winter  than  in  summer,  it  appears 
very  slightly  larger,  and  the  shape  of 
the  spot  might  be  better  seen. 

Are  we  to  infer,  then,  that  if  the 
Chinese  had  had,  during  those  14 
centuries,  a  sufficient  number  of 
calm,  cloudless,  but  foggy  days,  we 
should  have  had  a  regular  succession 
of  "bird-"  or  "apple-"  or  "egg- 
shaped  "  markings  showing  them- 
selves in  groups  of  three  or  four  years 
which  followed  each  other  at  intervals 
of  11  or  12  years?  Probably,  but 
not  certainly,  because  a  phenomenon 
occurred  in  the  period  1610-1826  of 
an  order  quite  different  from  any- 
thing that  has  presented  itself  since. 
With  the  invention  of  the  teles- 
cope in  the  first  decade  of  the  Seven- 
teenth Century,  there  were  three 
claimants  to  the  discovery  of  sun- 
spots — Fabricius,  Galileo,  and 
Scheiner,  and  to  the  last  the  credit 
is  rightly  due,  as  he  was  the  first 
to  devote  himself  to  a  long,  steady 
and  continuous  survey  of  the 
Sun's  surface.  As  a  consequence 
there  followed  the  discovery  of 
the  rotation  of  the  Sun,  the 
determination  of  the  time  (28  days)  in  which  it  appeared  to  rotate  as  seen  from  the  Earth,  and  the 
position  of  the  solar  axis.  But  neither  Scheiner  nor  any  of  his  successors  seem  to  have  had  any 
suspicion  that  the  changes  in  the  solar  spots  proceeded  in  a  series  of  undulations.  The  reason  for 
the  delay  in  the  discovery  of  what  we  now  know  as  "  the  sunspot  cycle,"  was  simply  that  it  does 
not  seem  to  have  been  then  working  in  what  now  we  should  consider  to  be  its  normal  manner,  and 
before  the  middle  of  the  Seventeenth  Century  the  supply  of  sunspots  would  seem  to  have  run  out. 


[Royal  Society. 
AURORA  AUSTRALIS. 
This  fine  ■"  Draped  "  Aurora  was  taken  by  Capt.  Scott  on  his  Antarctic 
Expedition.  As  a  rule,  if  there  is  a  great  display  of  the  Northern  Lights, 
the  Southern  Lights  are  in  evidence  also.  Aurorae  are  closely  connected 
with  great  magnetic  storms,  which  are,  as  far  as  we  know,  simultaneous 
over  the  whole  Eirth. 
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For  the  first  years  after  the  discovery  of  sunspots  in  1610,  the  Sun  was  fairly  active ;  we  do  not 
know  for  certain  whether  a  maximum  took  place  about  1610,  but  the  first  minimum  noted  was  in 
1619,  and  it  was  followed  by  a  well-marked  maximum  in  1625.  The  next  minimum  fell  in  1634, 
and  was  followed  by  a  maximum  in  1639,  14  years  after  the  preceding  maximum.  Then  there  was 
a  long  quiet  period,  with  a  "  maximum  "  in  1650,  which  consisted  of  but  a  few  spots.  Spots  were 
seen  in  1654,  August  12  ;  1655,  February  9-21  ;  1660,  April  27-May  9 ;  in  1661,  two  small  groups, 
and  then  again  none  at  all  until  1671.  From  this  date  until  the  end  of  the  Century,  spots  were  verj' 
occasionally  observed,  and  after  1715  spots  were  frequent,  and  by  1718  there  was  a  decided  maximum. 
The  long  dearth  of  sunspots  lasted  from  1645  to  1715,  or  70  years,  and  during  this  time,  so  far  as  we 
know,  there  was  no  spot  large  enough  to  be  seen  by  the  naked  eye  ;  all  required  the  use  of  a  telescope 
for  their  detection.     Therefore  the  long  gaps  in  the  Chinese  Annals  may  not  have  been  altogether 

due  to  the  weather  being 
unsuitable  for  looking  at  the 
bright  Sun,  for  there  may 
have  been  long  years  when 
there  were  no  sunsp)ots  large 
enough  to  be  seen.  But  it 
should  be  noted  that  prolonged 
as  was  this  inactivity  of  the 
Sun,  yet  the  few  stray  spots 
seen— 1660,  1671,  1684,  1695, 
1707,  1718— correspond  as 
nearly  as  we  can  expect  to 
the  theoretical  dates  of  maxi- 
mum. The  average  interval 
between  these  maxima  is  11-6 
years,  so  that  the  solar  pulse 
of  11  or  12  years  would  seem  to 
have  been  beating,  though 
faintly,  through  the  70  years 
dearth,  just  as  we  can  feel  its 
beat  also  in  the  records  of  the 
Chinese  Annals. 

One  point  should  be  noted, 
for  it  may  have  an  important 
bearing  on  the  origin  of  sun- 
spots.  During  the  dearth,  the 
few  stray  spots  were  all,  with 
one  exception  (April,  1705)  in 
the  southern  hemisphere  of  the  Sun  ;  it  was  only  when  spots  came  back  to  the  northern  hemisphere, 
in  1715,  that  the  dearth  ceased. 

It  was  more  than  a  century  after  the  Sun  had  resumed  its  normal  ebb  and  flow  of  activity  that 
Schwabe,  in  1826,  began  his  s,tudy  of  the  Sun's  surface.  In  itself,  his  work  was  very  simple  and  straight- 
forward, but  it  was  carried  on  systematically  and  with  the  utmost  patience.  It  was  these  qualities 
which  made  it  great  and  epoch-making.  He  made  a  persistent  daily  count  of  sunspots.  From  1826 
to  1913,  the  days  witli  no  spots  were  few  as  compared  with  the  number  of  spotted  days,  and  so  they 
are  easier  to  mark.  Accordingly  page  112  exhibits  for  these  years  the  percentage  of  the  days  of 
observation  upon  which  the  Sun  was  spotless.  It  is  obvious  that  in  these  88  years  there  have  been 
eight  epochs  when  there  was  a  most  marked  absence  of  spots,  and  the  dates  of  these  are  very  clearly 
defined ;    in  no  case  is  there  any  doubt  as  to  the  year  when  the  Sun  was  at  its  quietest.    But  the 


PROMINENCES    AT    THE    ENDS    OF   A    DIAMETER. 
These  great  prominences,  observed  by  Trouvelot,   illustrate  a  phenomenon  often 
noticed  over  the  Sun,  that  disturbances  occur  at  the  ends  of  a  diameter.    Sunspot 
streams  lie  along  parallels  of  latitude,  and  the  writer  has  often  noted  spots  break 
out  alternately  in  the  Northern  and  Southern  Hemisphere,  but  in  the  same  longitude. 


From  "  KnowUdi^e."  [By  permission  of  the  Astronomer  Royal. 

A    GREAT    SUNSPOT. 
This  great   Sunspot  was  photographed  in  August,  1906,  and  was  visible  by  the  naked  eye  if  this  were  screened  by  dust,  haze 
or  a  dark  glass  from  the  full  glare  of  the  Sun.    To  the  naked  eye  all  its  complexity  would  show  only  as  a  round  black  dot,  and 
it  was  such  a  spot  that  the  Chinese  observers  described  as  "  apple-shaped."    Xote  the  dark  centre  (called  the  umbra),  and  the 
grey  penumbral  fringe.     The  right-hand  edge  of  the  Spot  is  well  defined,  but  the  left-hand  portion  is  breaking  up  to  form 

irregular  spots  with  faculous  clouds  in  between. 


From  "  Knowledge^]  [By  permission  of  the  Astronomer  Royal. 

THE  SUN  IN  AUGUST,  1893. 
A  photograph  of  the  Sun  taken  in  1893,  August  9.  Note  the  spider  lines  photographed  in  the  focus  with  the  Sun  so  as  to  give 
points  of  reference  from  which  to  measure  the  position  angles  of  the  spots  and  faculae.  After  the  exposure,  the  clock  was  stopped, 
and  when  the  Sun  had  almost  travelled  off  the  plate,  a  second  exposure  was  given,  and  the  lens-shaped  marking  on  the  Sun's 
western  limb  represents  the  small  portion  of  the  Sun  thus  photographed  to  give  the  east  and  west  line.  The  large  group  in  the 
S.W.  quadrant  measured  2,500  millions  of  square  miles  on  this  day. 
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range  in  time  of  the  interval  between  one  minimum  and  the  next  varies  from  10  to  13  years.  The 
average  length  of  the  interval  is  11-4  years — a  little  quicker  than  the  beat  of  the  solar  pulse  during 
the  great  dearth ;    a  little  slower  than  the  beat  given  by  the  Chinese  Annals. 

This  interval  in  solar  phenomena,  the  mean  period  of  which  has  been  taken  as  1 1- 1  years,  is  called 
"  the  sunspot  cycle."  The  recognition  of  it  belongs  to  Schwabe.  Schwabe's  work  was  continued 
at  Zurich,  first  by  Wolf  and  later  by  Wolfer,  and  for  them,  observers  scattered  over  the  Earth  counted 
daily  the  spots  and  groups  of  spots  on  the  Sun's  surface,  disregarding  their  positions  and  the  differences 
between  the  Sun's  northern  and 
southern  hemispheres.  But  as 
different  observers  used  tele- 
scopes of  different  powers,  and 
it  was  evident  that  smaller 
spots  could  be  detected  by, 
say,  a  4-inch  glass  than  by  a 
2-inch,  Wolf  deduced  a  factor 
for  each  instrument  whereby 
all  the  observations  could  be 
made  to  conform  to  the  results 
that  would  be  obtained  by  a 
telescope  of  a  standard  power ; 
and  Wolf's  "  Relative  Sunspot 
Numbers"  are  used  in  many 
enquiries  wherein  long  con- 
tinued and  systematic  data  are 
required. 

In  the  Chinese  Annals  there 
is  no  hint  that  spots  may  not 
occur  anywhere  on  the  Sun, 
and  only  occasionally  a  hint 
that  they  may  have  a  definite 
shape.  Scheiner  found,  how- 
ever, that  spots  seemed  to  move 
along  larger  or  smaller  chords 
of  the  Sun's  circle,  but  never 
on  very  small  chords.  In  fact, 
the  Sun  was  turning  on  its 
axis  and  spots  avoided  the 
polar  caps  of  about  50°  radius, 
both  in  the  north  and  the 
south.  All  spots,  too,  had  their 
specialities  of  shape  and  size, 
and  they  differed  greatly  in 
these  and  in  the  length  of  time 
they  lasted.  The  most  stable 
spots,  those  that  change  least  and  last  longest,  are  nearly  round.  They  appear  black  in  the  centre, 
which  is  not  quite  half  as  broad  as  the  entire  spot.  In  this  black  region  (the  timbra)  there  are 
sometimes  points  of  intenser  blackness,  as  if  pits  were  sunk  in  the  floor  of  a  great  cavity.  Round  the 
umbra  is  a  lighter  region,  which  surrounds  it  as  the  iris  surrounds  the  pupil  of  an  eye.  This  is  called 
the  penumbra,  and  is  marked  throughout  by  wavy  lines  flowing  inwards,  as  if  the  penumbra  were 
made  up  of  thatch  straws,  which,  where  penumbra  and  umbra  meet,   seem  ravelled  out  into  a 


[By  Max  Ka£bel. 
A  " DRAPED "  AURORA. 
The  most  frequent  colour  in  polar  aurorae  is  white,  more  or  less  tinged  with  yellow ; 
and  the  more  vivid  the  aurora,  the  more  distinctly  yellow  it  is.  After  yellowish  white 
the  next  most  frequent  colour  is  rose  carmine.  The  "  Draped  "  Aurorse,  which  are 
the  richest  in  colour,  are  only  seen  in  regions  whose  seas  are  ice-free  and  therefore 

liable  to  fogs. 
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narrow  fringe.  Round  the  spot,  outside  the  penumbra,  the  surface  of  the  Sun  is  brighter  than 
usual,  and  seems  to  be  heaped  up,  and  some  of  this  bright  white  stuff  may  appear  to  boil  over 
and  either  flow  right  across  the  spot,  throwing  a  "  bridge  "  over  it,  or  else  flowing  into  it.  A  small 
patch  of  this  bright  stuff  is  called  a  facula,  and  is  sometimes  seen  near  the  Sun's  edge,  quite  apart 
from  any  spot.  In  such  cases  these  faculse  lie  in  bright  patches,  like  clouds  in  a  "  mackerel  sky." 
They  arc  clouds  on  the  Sun,  and  are  near  the  centre  of  the  disc  as  well  as  near  its  edge,  but  at  the 
centre  the  Sun  is  itself  too  bright  for  the  brightness  of  the  faculae  to  be  distinguished  upon  it. 

The  round  compact  sunspot  is  not  the  only  shape,  and  spots  are  generally  seen  in  groups.  A 
very  ordinary  occurrence  is  for  two  very  small  spots  to  appear  close  to  each  other,  to  grow  quickly 
and  to  move  apart  as  they  grow  ;  and  this  movement  is  so  rapid  that  the  two  spots  may  travel  away 
from  each  other  at  the  rate  of  about  8,000  miles  a  day.  The  "  leader  "  spot  is  usually  round,  dark 
and  well-defined;  the  "trailer"  spot  may  be  the  larger  of  the  two,  but  is  not  so  dark  or  so  regular 
in  shape ;  and  between  the  two  a  number  of  small  spots  spring  up  and  shortly  die  down  again.  I 
think  the  "  egg-shaped  "  spots  of  the  Chinese  Annals  were  each  such  a  pair  of  spots,  each  member 


[Greenu-ich  Obserialory. 
THi;    TRACE    OF    A    GREAT    MAGNETIC    STORM. 

The  magnetic  storm  of  1892,  February  13-14.  The  magnetic  needle  is  swung  in  a  cellar  free  from  variations  of  temperature 
or  disturbances  from  traffic.  It  responds  to  the  state  of  the  Sun's  activity,  and  on  this  date  a  violent  magnetic  storm  synchronised 
with  the  passiige  of  a  great  spot  across  the  Sun's  disc.     The  oscillations  of  the  needle  are  shown  by  the  ups  and  downs  of  the 

white  line  in  the  diagram. 

of  the  pair  being  large  enough  to  be  seen  by  the  naked  eye,  but  the  space  between  them  too  narrow 
for  them  to  be  seen  separately  ;  what  the  eye  perceived  was  an  oval,  a  little  larger  than  it  was  broad. 
Sometimes  the  spots  between  the  leader  and  the  trailer  spots  grow  as  the  group  lengthens  out.  Thus 
there  was  a  great  group  on  the  Sun  on  March  21,  1920,  and  when  the  Sun  was  setting  behind  a  fog 
bank  on  that  evening  the  group  was  visible  to  the  naked  eye,  but  all  its  immense  complexity  simply 
appeared  as  a  single  line  be/it  into  an  angle  of  120°  in  its  preceding  portion.  I  think  this  was  just 
such  a  case  as  the  Chinese  Annals  described  on  five  occasions  as  "  flying-bird  shaped." 

But  sometimes  also  we  get  a  giant  spot,  single  in  that  any  attendant  spots  upon  it  are  quite  insignifi- 
cant in  size,  but  complex  in  its  whole  building  up.  One  or  two  of  such  spots  have  been  seen  in  each  of 
the  last  five  sunspot  cycles,  always  before  or  at  the  greatest  phase  of  solar  activity.  I  think  the 
spots  which  the  Chinese  Annals  described  as  "  apple-shaped  "  were  of  this  order. 

After  Schwabe,  the  next  notable  sunspot  observer  was  R.  C.  Carrington,  in  the  years  1853-1861. 
He  redetermined  the  position  of  the  Sun's  axis,  and  the  time  it  takes  the  Sun  to  turn  round — or  rather 


From  "  Knowledge."^] 


{After  Jattssen. 


RICE    GRAINS    ON    THE   SUN'S    SURFACE. 
An  enlargement  of  a  Sunspot  group  and  the  surface  of  the  Sun  itself.    In  this  case  the  penumbra  of  the  spot  is  lost,  and  nothing  is 
seen  but  the  intensely  black  umbra  and  the  granules  on  the  Sun.    Note  that  these  are  in  parts  well  defined,  an<l  in  parts  blurred  as  if 
they  had  been  smeared.    It  is  not  known  whether  the  currents  which  cause  this  blurring  are  currents' on  the  Sun  itself  or  currents  of 

air  in  the  Earth's  atmosphere,  perhaps  in  the  tube  of  the  telescope  itself. 
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Rn.  A.  L.  CortU,  S.J.]  [Brilish  Ailronomical  Aaocialion. 

TYPICAL,    SUNSPOTS. 

Drawings  by  the  Rev.  A.  I^.  Cortie,  of  the  Stonyhurst  Observatory,  of  different  types  of  Sunspot  group.      Type  II  is  one 

of  the  most  usual  forms,   and  Professor  Hale  says  that  the  leader  and  the  trailer  spots  are  of  opposite  magnetic   signs. 

Type  III  is  the  form  which  was  probably  seen  by  the  Chinese  as  "egg-shaped,"  and  Type  IV  as  "apple-shaped." 

the  times,  for  he  showed  that  each  different  zone  of  latitude,  north  and  south,  has  its  own  time  of 
turning.  Suppose  that  there  were  a  spot  in  every  fifth  degree  of  latitude  from  40°  North  Latitude 
to  40°  South,  and  at  a  given  moment  all  seventeen  spots  were  observed  to  be  on  the  central  meridian 
of  the  Sun's  apparent  disc.  If,  then,  each  spot  travelled  westward  with  the  average  speed  of  apparent 
motion  appropriate  to  its  own  particular  latitude,  the  spots  would  all  be  found  after  27J  days  near 
the  central  meridian  a  second  time,  but  they  would  lie  on  a  curved  line,  not  on  a  straight  one. 

Spoerer's  work  on  sunspots  followed  hard  on  Carrington's,  and  its  chief  result  is  known  as  Spoerer's 
Law :  at  the  beginning  of  a  new  cycle,  the  spots  are  found  chiefly  in  high  latitudes,  but  as  the  cycle 
progresses  they  tend  to  slip  into  lower  and  lower  latitudes  until  the  equator  is  reached.  One 
particular  characteristic  of  this  "  Law  of  Zones  "  he  laid  stress  upon,  namely,  that  the  actual  sunspot 
cycles  overlap,  the  new  cycle  having  its  beginning  before  the  expiring  one  has  run  out  its  course. 
Both  these  features  are  illustrated  on  page  112,  which  covers  the  period  1854-1912,  almost  five  complete 
sunspot  cycles,  the  material  for  the  first  two  cycles  being  derived  from  Spoerer's  own  work. 

We  have  already  noted  that  the  intervals  from  maximum  to  maximum,  or  from  minimum  to 
minimum,  are  about  11^  yeats  on  the  average.  But  from  the  fact  that  the  curve  of  latitudes  is  dis- 
continuous, the  inference  is  obvious  that  each  solar  cycle  is  a  distinct  impulse,  and  that  these 
successive  impulses  follow  each  other  quickly,  one  beginning  in  high  latitudes  at  about  the  time 
its  predecessor  dies  out  near  the  e^iuator.  The  duration  of  this  impulse,  like  the  solar  cycle,  varies 
a  little,  but  on  the  average  it  is  a  little  over  12  years,  perhaps  exceeding  the  solar  cycle  by  about  a  year. 

Hitherto  sunspot  observers  had  only  considered  the  Sun  as  a  whole ;  they  counted  it  as  a  sphere, 
not  as  two  hemispheres.     But  to  Spoerer  belongs  the  credit  thak  he  treated  the  spot  outbreaks  in  the 


W 


splendour  of  the  Heavens 


121 


northern  and  in  the  southern  hemispheres  separately.  In  two  papers  he  traced  back  his  "  Law  of 
Zones"  to  the  year  1619,  and  showed  that  although  there  is  on  the  whole  a  balance  between  the 
number  of  spots  in  the  two  hemispheres,  yet  in  three  periods  of  the  Sun's  history  the  southern  spots 
have  predominated.  It  was  Spoerer  also  who  brought  out  that  both  the  law  of  the  spot  cycle  and 
the  law  of  zones  were  apparently  suspended  for  about  70  years — in  the  long  sunspot  dearth  of  the 
Seventeenth  Century  already  noted. 

Scheiner,  Schwabe,  Carrington,  and  Spoerer  made  great  advances  in  knowledge  of  the  laws  and 
conditions  of  sunspots,  and  therefore  of  the  nature  and  constitution  of  the  Sun.  But  their  advances 
were  not  made  because  of  their  powerful  instrumental  equipment,  but  because  of  the  patience  and 
continuity  of  their  labours.  Still,  the  work  of  each  of  these  men  was  personal,  and  it  terminated 
with  the  life  of  each  of  them. 

Therefore  it  was  a  great  epoch 
in  the  history  of  sunspot  study, 
when  in  1873,  Sir  George  Airy,  the 
seventh  Astronomer  Royal,  insti- 
tuted a  department  in  Greenwich 
Observatory  which  had  as  its  aim 
to  get  a  record  day  by  day,  con- 
tinuously, of  the  Sun's  surface  by 
photography  on  a  uniform  scale. 
The  aim  became  a  practical  reality 
within  a  few  years  of  its  inception, 
when  Sir  William  Christie,  the 
eighth  Astronomer  Royal,  laid 
other  observatories,  in  parts  of 
the  world  remote  from  Greenwich, 
under  contribution  to  fill  up  the 
gaps  inevitable  from  bad  weather 
in  these  Islands.  At  present  the 
Royal  Observatory  at  the  Cape 
and  two  observatories  in  India, 
also  take  daily  photographs  of 
the  Sun  on  the  same  scale  as 
those  at  Greenwich,  that  is  eight 
inches  to  the  diameter  of  the  Sun's 
disc.  The  photo-heliographs  with 
which  these  daily  photographs  are 
taken  are  very  modest  in  size  ;  at 
Greenwich  during  the  greater 
part  of  the  time,  the  aperture 
employed  has  been  restricted 
to  three  inches,  with  the  image 
enlarged  at  the  primary  focus 
so  as  to  give  the  required 
diameter. 

At  each  of  these  four  solar 
stations  when  weather  permits,  two 
photographs  are  taken  each  day, 
and  these  are  all  sent  to  Green- 
wich  to   be   examined,    measured. 


[Royal  Society. 
A    "  DRAPKU  "    .AUROR.A    AUSTRAI<IS. 

.\  very  fine  specimen  of  the  "  Draped  "  Aurorae,  observed  during  Capt. 
Scott's  Expedition  to  the  .'Vntarctic.  All  Aurorae  which  take  the  form  of 
drapery  or  tans  or  undulated  arcs,  are  in  general  clearly  outlined  along 
their  lower  border,  while  the  light  fades  out  gradually  above  and  mingles 
insensibly  with  the  sky.  Mr.  Gavin  I\urns  has  shown  that  in  the  years 
1916-1919,  Aurora;  were  most  frequent  when  certain  longitudes  on  the  Sun 
were  turned  towards  the  Earth. 
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and  the  measures  reduced.  It  may  seem  a  great  waste  to  have  eight  photographs  taken 
when,  in  practice,  only  two  are  required  and  only  one  measured,  but  the  waste  is  inevitable 
and  necessary  if  the  continuous  daily  record  of  the  Sun's  spots  is  to  be  made  and  kept 
complete.  This  number  of  stations  is,  however,  sufficient,  for  it  rarely  happens  that  the 
weather  is  bad  at  all  four  localities  on  more  than  one  or  two  days  in  the  year.  Greenwich  can 
supply  a  good  record  for  its  summer  months,  and  the  Cape  Observatory  for  its  summer,  corresponding 
to  winter  at  Greenwich,  and  Dehra  Dun  and  Kodaikanal  fill  up  the  gaps  in  the  remainder 
of  the  year. 

The  measures  of  the  photographs  are  made  at  Greenwich  and  two  complete  sets  of  measures 
are  taken  as  made  by  two  observers,  of  whom  the  one  measures  with  the  magnifier  on  the  right  of 
the  instrument,  and  the  other  measures  on  the  left,  the  means  of  the  two  sets  of  readings  being  used 
in  order  to  eliminate  the  "  personal  equation  "  of  the  observer  and  errors  in  the  instrument.  The 
measures  are  then  transformed  into  solar  longitudes  and  latitudes.  As  on  the  Earth  so  on  the 
Sun,  latitude  is  an  obvious  thing ;  the  Sun's  equator  is  almost  as  easy  to  determine  as  the  Earth's 
equator.  So  on  the  Sun,  as  on  the  Earth,  we  have  to  choose,  by  favour,  a  "prime  meridian"; 
none  stands  out  as  any  more  the  "first"  than  the  others.  On  the  Earth,  we  choose  the  meridian 
of  Greenwich  as  longitude  0° ;    on  the  Sun,  Carrington  took  that  longitude  as  the  prime  meridian 

which  coincided  with 
the  centre  meridian 
at  Greenwich  noon 
on  1877,  February 
27,  and  this  is  still 
counted  the  prime  in 
the  Greenwich  sun- 
spot  measures.  But 
on  the  Sun  there  is 
a  further  difficulty ; 
all  parts  of  the  Sun 
do  not  turn  in  the 
same  time.  Car- 
rington therefore 
adopted  a  certain 
mean  time  of  rota- 
tion, that  given  by 
the  majority  of  the 
spots  in  latitude 
10°-15°,  and  the 
time  of  sidereal 
rotation  (i.e.,  as  re- 
ferred to  the  stars) 
he  adopted  was  25-38 
days.  Spots  near 
the  equator  move  as 
a  rule  more  rapidly 
than  this  ;  spots  in 
high  latitudes  more 
slowly. 

For  the  first  12 
years  of  the  photo- 
heliographic  work  at 


[Greenwich  Obser:jaiory. 
THlv  CRICAT  SITXSPOT  OF  KEBRUARY,  1892. 
The  jtreat  SuiisiK)t  of  1892,  I'tbruarj'  13,  which  ushered  in  the  maximum  of  the  Solar  c>'cle, 
1889-1901.  h  few  hours  after  this  spot  had  piisscd  the  Central  Meridian  of  the  Sun's  disc,  the 
violent  magnetic  storm  broke  out  of  which  a  tracing  is  given  on  page  1 18.  The  sjxit  passe<i  off  at 
the  western  limb,  and  a  fortnight  later  came  into  view  again  at  the  eastern  Hnib,  and  when  it  had 
again  passed  the  Central  Meridian,  the  magnetic  storm  broke  out  again  violently  for  the  second  time. 


\ 
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{Critir,.  kit  Observatory, 
A  LONG  Sl'XSPOT  STREAM. 
A  series  of  photographs  of  the  very  large  stream  of  1896,  September  10-22,  showing  it  fully  presented  when  passing  the 
Central  Meridian,  when  nearing  the  western  limit  and  when  quite  close  to  the  edge,  and  when  disappearing  into  the  unseen 
hemisphere.  This  long-drawn-out  form  of  spot  group  is  typical  of  that  part  of  the  Sun  spot  cycle  when  Solar  activity  is  on  the 
decline.    Such  a  stream  might  be  seen  by  the  naked  eye  as  a  line  on  the  surface  of  the  Sun,  and  it  was  probably  such  a  group 

that  the  Chinese  described  as  "  flying-bird  shaped." 
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Greenwich  the  measures  of  the  spots  and  faculae  were 
printed  after  reduction  in  the  form  of  a  Journal,  called  the 
"Daily  Results."  Each  separate  spot  and  facula  is  there 
given  in  the  order  of  solar  longitude,  with  its  solar  latitude 
and  its  area  expressed  in  millionths  of  the  Sun's  visible 
hemisphere.  The  faculse  are  somewhat  formless ;  like 
the  clouds  on  the  Earth,  they  have  no  lasting  distinctive 
features.  But  the  spots  are  often,  indeed  usually, 
associated  in  groups,  and  can  be  recognised  from  day  to 
day,  and  these  sunspot  groups  each  receive  a  distinguishing 
number. 

It  soon  became  evident  that  spot  groups  differ  among 
themselves  in  many  particulars ;  they  may  live  for  a  few  min- 
utes or  days  or  many  weeks ;  they  may  seem  no  larger  than 
pin-heads — minute  areas  measuring  no  more  than  400  miles 
across — or  they    may  be   torn    and    irregular    blotches. 


lull  n 
E.  Walter  Maunder.^  [British  Astronomical  Association. 

COMPARISON  OF  AREAS  OF  FACULA  IX  THE  EAST  AND  WEST 
HEMISPHERES   OF   THE   SUN. 

The  white  columns  represent  the  mean  daily  areas  of  the  faculae  on  the 
west  limb,  the  black  coliunns  those  of  the  faculse  on  the  east  limb  ;  the 
shorter  colimin  for  each  year  is  superposed  on  the  larger  one,  so  that  the  cap 
of  each  column  represents  the  area  by  which  the  under  column,  i.e.,  the 
longer  one,  exceeds  the  shorter  one. 


Maunder. 

THE  METHOD  OF  MEASURING  AREAS 
OF  SPOTS. 
The  ruled  glass  diaphragm  with  which  the  areas 
of  the  spots  and  faculse  on  the  Sim  photographs 
at  Greenwich  Observatory  are  measured.  The 
number  of  the  squares  included  in  the  spot  is 
counted. 

blackening  three  or  four  thousand 
miUionths  of  the  Sun's  bright  surface ; 
huge  pits  in  which  a  hundred  globes 
as  big  as  the  Earth  could  lie  together 
side  by  side.  Evidently,  then,  much 
might  be  learnt  of  the  nature  of  a 
sunspot  if  the  measures  for  each  group 
were  collected  together  for  its  whole 
visible  life  in  a  sort  of  "  Ledger,"  so 
as  to  bring  out  its  development  and 
history.  These  Ledgers  were  first 
printed  for  the  Greenwich  Results  in 
the  year  1886,  and  have  since  been 
published  year  by  year  with  the 
Daily  Results.  In  1907  the  Ledgers 
were  extended  backwards  for  the  first 
12  years,  1874-1885,  so  that  we  have 
now  for  well-nigh  50  years  an  inti- 
mate knowledge  of  the  behaviour  of 
all  the  spot-groups  on  the  Sun  that 
have  been  visible  from  the  Earth. 
We  have  the  means  of  working  out 
the  life  history  of  groups  of  different 
durations,  and  the  connection  between 
their  size  and  their  length  of  life  ;  of 
the  movements  on  the  Sun  of  groups 
of  different  latitudes  ;  of  the  centres 
of  activity  on  the  Sun,  and  whether 
these    favour   certain   latitudes    and 
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longitudes ;  of  the  relations  of  these  centres 
of  activity  with  other  phenomena  on  the 
Sun,  or  with  phenomena  outside  the  Sun, 
and,  perhaps  most  important  of  all,  we  can 
test  the  forces  within  the  Sun  itself,  and  we 
find  that  they  are  not  monarchic  but 
dyarchic — that  the  northern  hemisphere  of 
the  Sun  is  distinct  in  its  acting  from  the 
southern  hemisphere,  though  not  indepen- 
dent of  it ;  they  both  respond  to  the  same 
cyclical  law  imposed  upon  them,  but  each 
reacts  in  a  somewhat  separate  manner,  and 
at  a  separate  time.  The  history  of  sunspots 
during  the  last  50  years  is  linked  with  that 
of  the  Solar  Department  of  Greenwich 
Observatory ;  some  advance  has  been 
made  there  in  the  solving  of  the  solar  pro- 
blems just  stated,  and  the  further  solving 
of  them  depends  on  the  completeness  and 
the  continuity  with  which  in  the  future  these 
records  will  be  kept— kept  preferably  at 
Greenwich,  for  nowhere  else  in  the  world 
has  solar  work  of  this  nature  been  carried 
on  for  so  long  a  period  and  with 
so  little  interruption. 

Let  us  consider  first  the  way  in 
■which  Spoerer's  Law  of  Zones  is 
presented  by  E.  W.  Maunder  at 
Greenwich.  On  page  146  appears 
what  has  been  called  "  The  Butterfly 
Diagram,"  for  the  obvious  reason 
that  it  looks  like  three  specimens 
of  lepidoptera,  and  a  bit  of  a 
to  a  board  with 
but  of  which  the 
and  legs  have 
mouldered  away.  Each  pair  of 
wings  is  distinct  from  the  next ; 
there  is  a  clear  V-shaped  gap 
between    each    of    the   specimens. 

But  materials  for  these  wings 
are  drawn  entirely  from  the  Green- 
wich Photo-heliographic  Results,  and 
they  extend  over  the  years  1874- 
1913.  Seven  thousand  groups  of 
sunspots  are  represented,  but  the 
short  straight  hue  which  indicates 
the  latitude  of  a  spot  is  drawn  just 
as  long  and  as  heavy  for  a  small 
spot  as  for  a  large  one,   for  one 


fourth,    pinned 
wings  extended, 
heads,      bodies 


[G.  W.  Ritchey. 

THE   RING    NEBUI.A   IN   LYRA. 

We  see  the  annular  Nebula  in  Lyra  as  an  almost  circular  ring  with  a 

star  occupying  its  centre.    According  to  researches  by  Major  Hubble, 

at  Mount  Wilson  Observatory,  the  light  of  the  Nebula  is  either  star 

light  reflected  or  re-emitted. 


{Greenwich  Observatory. 

THE    MOST    SPOTTED    DAY    ON    THE    SUN. 

The  Sun  showed  a  larger  total  spotted  area  in    1917,  August  10,  than  at  any 

(jthcr  time  during  the  last  forty-eight  years.     The  photograph  here  reproduced 

is  for  August   12  ;     on  it  are  four  independent   groups  visible  to  the   naked 

eye  at  the  same  time. 
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curved  line. 


spot  as  for  a  dozen.  "  The  Butterfly  " 
represents  only  the  distribution  of  spots 
in  latitude ;  nothing  is  shown  concerning 
their  areas.  All  spots  that  occur 
during  the  same  "  Rotation  of  the  Sun  " 
are  represented  in  the  same  vertical  line, 
and  the  Sun  is  taken  as  rotating  (as 
seen  from  the  Earth)  in  27-275  days. 

The  V-shaped  gap  indicates  that 
each  solar  cycle  is  one  ;  a  single  impulse 
that  is  complete  in  itself  and  distinct 
from  the  impulses  that  came  in  the  past 
or  will  come  in  the  succeeding  years. 

Next,  it  suggests  that  this  impulse, 
the  origin  of  the  solar  spots,  lies  within 
the  Sun,  not  without  it.  The  spots 
must  come  from  below  the  Sun's  sur- 
face ;  they  are  impressed  upon  it  by  no 
exterior  influence  ;  neither  by  planets, 
nor  by  meteors.  No  exterior  influence 
could  invariably  begin  a  fresh  disturb- 
ance in  a  high  latitude  simultaneously 
on  both  sides  of  the  equator. 

This  impulse  of  some  force  acting 
within  the  Sun  must  lie  so  deeply 
and  yet  so  widely  within  it,  that 
though  it  begins  to  act  on  both  the  northern  and  the  southern  hemispheres  at  rtearly  the  same  times, 
these  actions  occur  at  their  greatest  distance  apart.  The  first  spots  of  a  new  solar  cycle  begin  almost 
simultaneously  in  very  high  northern  and  very  high  southern  latitudes  ;  the  last  spots  of  a  solar  cycle 
are  in  low  latitudes  so  that  northern  and  southern  spots  seem  almost  to  merge.  Indeed,  "  the 
Butterfly  Diagram  "  seems  to  suggest  that  the   solar   butterflies  have  been  for  the  last  three  or 

four    cycles    stronger 

on  the  southern  wing 

than  on  the  northern, 

and    that   in    the 

expiring   phases 

the   southern  en- 
croached slightly  over 

the   northern   at    the 

equator,   as    if    the 

southern    influence — • 

whatever  it  might  be 

— actually  crossed 

over  the  equator.  But 

the   solar   cycle  now 

running  its  course 
,u-h  nbservaiory.    has  shown  the  north- 
A  SPOT  KORESHOKTHNED.  em  wing  stronger 

A-r<«ular  spot  showing  fore^ortening  near      ^^^^     ^^^     southern; 
the  Sun  s  hmb.    Note  that  the  umbra  is  less 

foreshortened  than  the  whole  spot.  the    Strength     of     the 


£.  Waller  Maunder.]  [Royal  Astronomical  Society. 

THE  ROTATION  TIMES  OF  THE  SUN. 
If  on  a  given  date  seventeen  spots,  5°  apart  on  the  Central  Meridian  of 
the  Smi,  as  indicated  by  the  vertical  line,  moved  with  the  rate  of  their 
latitude,  after  one  complete  rotation  of  the  Sun  they  would  lie  on  the 
This  shows  how  much  more  quiekly  spots  rotate  the  nearer 
they  are  the  Sun's  equator. 


[Greenwich  Observatory. 
UMBRA    AND    PENUMBRA. 
A  stream  of  spots.    Note  the  black  umbra  irregu- 
larly set  in  grey  penumbrse.   Note  also  the  grada- 
tion of  light  near  the  limb. 


SUNSPOTS.    CHROMOSPHERE    AND    PROMINENCES. 


Pminted  by  Arthur  Tvtidtt 


The  upper  picture  shows  the  relationship  which  we  infer  to  exist  between  the  spots  on  the  sun's  surface  and  the  chromosphere 
and  prominences  which  lie  above  the  spots.  We  do  not  actually  see  these  two  classes  of  solar  features  at  the  same  time,  for 
the  spots  we  see  on  the  actual  disc  with  an  ordinary  telescope,  the  chromosphere  and  prominences  we  see  at  the  edtJe  of  the 
sun  with  a  spectroscope.  The  lower  part  of  the  picture  shows  the  forms  which  the  red  flames,  commonly  called  the  prominenut. 
may  assume.     They  may  extend  outwards  for  thousands  of  milet. 
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forces  acting  within  the  Sun  have,  for  the  time  being,  been  transferred  to  the  northern 
hemisphere. 

We  may  draw  the  conclusion  that  the  Sun  is  not— at  least  not  always— symmetrical  in  the  con- 
stitution of  its  interior.  There  is  something  deep  within  the  Sun,  which  makes  a  distinction  between 
its  northern  and  its  southern  hemisphere.  The  solar  cycle  is  one,  not  merely  for  sunspots  in  general, 
and  for  sunspots  in  any  special  zone  in  particular,  but  there  is  some  want  of  symmetry  in  its  action 
that  makes  the  northern  and  the  southern  hemispheres  distinct ;  they  may  work  in  harmony  or  in 
discord,  but  they  work  somev/hat  differently. 

And  perhaps  the  one  cannot  act  without  the  other,  or  at  least  act  efficiently.  It  seemed  to  be  so 
in  the  latter  part  of  the  Seventeenth  Century,  for  during  the  70  years'  dearth"  of  spots,  all  that  did 
appear  above  the  surface  were  southern,  except  in  two  cases,  both  occurring  near  the  end  of  the  dearth. 


E.  Waller  Maunder]  [Royal  Astronomical  Society, 

THE  SUNSPOT  AREAS  IN  THE  NORTH  AND  SOUTH  HEMISPHERES  OF  THE  SUN. 
The  mean  daily  spotted  area  of  the  Sun  is  shown  separately  for  the  northern  (dotted  line)  and  for  the  southern 
(full  line)  hemispheres  for  1874-1918,  It  will  be  seen  that  the  Solar  cycle  is  the  same  for  both  hemispheres, 
though  there  are  differences  in  details.  Note  that  the  northern  hemisphere  is  active  before  the  southern,  and  in 
the  first  two  cycles  has  a  double  hump.  The  southern  maximum  is  greater,  but  with  a  single  hump.  lu  the 
last  cycle  the  northern  hemisphere  has  the  more  strongly  marked  maximum. 


Perhaps  from  this  instance  we  might  draw  the  inference  that  great  feebleness  in  one  hemisphere 
means  feebleness  in  the  other  also. 

It  is  perhaps  convenient  to  introduce  here  some  numerical  data  about  the  Sun,  and  their  relations 
to  the  Earth.  On  the  scale  of  Earth  =  1,  we  have  for  the  Sun  :  diameter  =  109  ;  mass  =  333,434  ; 
density  =  0-26  ;  surface  =  11,900  ;  volume  =  1,300,000  ;  surface  gravity  =  28-0.  The  diameter 
of  the  Sun  in  miles  is  864,000  and  the  area  of  its  visible  surface  (the  hemisphere  presented  to  us)  is 
over  a  million  times  a  million  square  miles.  The  period  of  rotation  assumed  for  the  Sun  is  25-38  days 
(Carrington's  period),  but  this  is,  of  course,  its  period  relatively  to  the  Stars  ;    the  corresponding 
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[Greenwich  Observatory. 

THE    SOLAR    MICROMETER    OPEN. 

The  Solar  micrometer  for  measuring  the  positions  and  areas  of  spots  and  faculae. 

The  slide,  on  which  the  glass  diaphragm  ruled  in  squares  moves,  is  open,  showing 

a  photograph  in  place,  mounted  on  three  pillars  with  the  film  side  upwards. 


mean  rotation  is  27-275  days—  as 

it  appears  to  an  observer  on  the 

Earth,  which  is  itself  traversing 

an   orbit   round   the   Sun   in   the 

same  direction  as  the  Sun  rotates. 

The  mean  apparent  daily  motion 

of   a   spot,   with   respect   to   the 

central    meridian    on    the    Sun's 

disc,  is  13°-2.     A  long-lived  spot 

appears  to  cross  the  visible  disc 

of  the  Sun  in  thirteen  or  fourteen 

days. 

In  1907,  the  writer  found  tliat 

the  longer  lived  a  spot,  the  larger 

is  its  average  size.       The  size  of 

a  spot  lasting  for  fourteen  days 

is  more  than  four  times  that  of 

a  ten-day  spot,  more  than  eleven 

times  a  five-day  spot,  and  more 

than  twenty-six  times  a  two-day 

spot.     Also,  a  spot  varies  its  area 

from  day  to  day  of  its  history.     It 

starts  from  nothingness,  it  runs  up  rapidly  to  its  maximum  area,  then  more  slowly  it  sinks  again  to 

zero,  though  there  may  be  minor  fluctuations  both  in  its  upward  and  downward  course.     Thus  anyone 

of  these  groups  of  different  durations  may  have  come  into  being  at  a  region  on  the  Sun's  surface  turned 

away  from  us,  or  it  may  die  out  on  the  invisible  hemisphere  ;  its  life,  apparent  to  the  Earth,  may  include 

for  the  most  part  its  time  of  rapid  growth,  or  on  the  other  hand  its  time  of  slow  dechne.     Even  the 

one-day  spots  may  include  cases  of  the  first  day  of  a  long  and  active  life. 

The  writer  therefore  worked 
out  the  history  of  all  the  spot 
groups  which  lived,  or  appeared  to 
live,  for  eight  days,  dividing  them 
into  three  categories :  The  Eastern 
Category  includes  those  which 
form  in  the  invisible  hemisphere, 
and  only  the  last  eight  days  of 
their  existence  are  passed  on  the 
visible  side  of  the  Sun  ;  these  are 
decaying  groups,  and  their  chief 
energy  is  already  passed.  Next, 
in  the  Western  Category  are  those 
which  are  born  on  the  visible 
side  of  the  Sun,  and  pass,  when 
still  active,  into  the  unseen  hemi- 
sphere. These  are  large  and 
active  groups,  and  they  are  visible 
in  their  first  eight  days  of  life 

.  'i  uo^ervatory. 

,„„^  „„  when    they    are    growmg    most 

THE   SOLAR   MICROMETER   CLOSED.  .  ''„,       ^   "       ,    ^ 

The  same  Solar  micrometer  with  the  slide  down,  and  showing  the  eye-piece,         rapidly.  the   Central   Category 

which  can  move  diametrically  across  the  photograph.  are     those    which    are    born    and 
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which  die  on  the  visible  hemisphere.  These  are  the  true  eight-day  groups.  The  areas  per  day  for 
the  three  categories  are  : — 

Mean  area  per  day 
Category.  in  millionths  oj  the  Sun's  Nu.  of  groups. 

visible  hemisphere. 
Eastern  ...         ...         ......  59  67 

Western         194  35 

Central  47  43 

The  true  mean  area  of  groups  which  live  for  eight  days  is  47  millionths  of  the  Sun's  visible 
hemisphere — that  is  to  say,  some  55  millions  of  square  miles,  or  about  six  times  the  area  of  what 
used  to  be  the  Russian  Empire.  Mark,  also  that  the  number  of  groups  in  the  Western  Category 
is  about  half  the  number  in  the  Eastern  Category,  but  its  mean  area  is  more  than  three  times  that 
of  the  groups  which  die  in  the  East. 


By  permission  oj]  {The  Astronomer  Royal. 

GREENWICH    OBSERVATORY    LOOKING    NORTH. 
The  original  observatory  of  Fkunsteed  is  seen  in  the  far  distance,  surmounted  by  the  time-ball  and  wind  registers.     In  the 
middle  distance  is  the  great  dome  of  the  28-inch  refractor  ;  and  in  the  foreground,  the  Allazimuth,  whose  dome  is  opened  (as 

shown)  by  sliding  the  halves  apart. 

We  have  therefore  this  point  clear.  For  spot  groups  of  this  class — observed  for  eight  days — 
many  more  come  round  at  the  east  limb  of  the  Sun  from  the  unseen  hemisphere  and  die  on  the  visible 
disc,  than  are  born  on  the  visible  hemisphere  and  pass  out  of  sight  at  the  west  limb.  For  eight-day 
groups  the  mortality  on  the  visible  hemisphere  is  much  greater  than  the  birth-rate. 

Why  should  this  be  so  ?  The  Sun  is  constantly  turning  round  as  seen  from  the  Earth ;  there 
is  no  central  meridian,  no  eastern  nor  western  edge  marked  in  it  or  on  it ;  these  are  only  "  conventional 
lines  "  as  seen  from  the  Earth.  If  on  the  Sun  there  is  really  a  difference  between  the  east  and  the 
west  as  seen  from  the  Earth,  then  it  must  be  the  Earth  itself  which  causes  that  difference.  What 
is  east  and  west  or  central  on  the  Sun  to  us  on  the  Earth,  would  not  be  so  to  observers  on  another 
planet.  But  consider  what  the  size  of  an  eight-day  spot  is — 47  millionths  of  the  Sun's  visible  hemi- 
sphere, that  is  to  say  about  55  millions  of  square  miles  ;  the  Earth  itself  could  settle  down  in  such  a 
hole  and  find  room  enough  to  roll  a  bit.     Does  this  preponderance  of  east  over  west  for  the  Sun  hold 
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[The  Rev.  T.  E.  R.  Phillips. 
THIJ  TAWXY  ZONE  OF  JUPITER. 
This  drawing  was  made  in  1920,  March  18,  ;uid  shows  the  "  belts  "  and  "  zones  "  of  the  Sun's  greatest  satellite.  Jupiter  is 
very  elliptical ;  its  equator  bulges  greatly  because  of  its  rapid  rotation.  The  broad  middle  band  is  the  "  Equatorial  Zone," 
and  normally  is  of  pure  white  colour,  but  from  time  to  time  it  assumes  a  deep  ochreish  yellow.  The  zone  becomes  tawny- 
coloured  about  every  twelve  years  and  it  is  suggested  that  this  change  in  colour  may  be  connected  with  the  solar  cycle,  since 
the  Sun  sends  out  particles  charged  eleqtrically  causing  auroree  on  the  Earth  and  perhaps  this  effect  on  Jupiter. 

good  only  for  eight-day  spots?  For  the  12  years,  1889-1901,  the  writer  counted  the  number  of  spots 
coming  round  the  Sun's  east  limb  out  of  the  invisible  hemisphere  and  found  them  947,  but  the 
number  that  went  from  the  visible  side  of  the  Sun  round  the  west  limb  into  the  unseen  hemisphere 
was  only  777.  That  is  170  spots,  or  22  per  cent,  of  the  whole  number,  seem  to  have  been  killed  by 
the  Earth.  Comparing  the  birth-rate  and  the  mortality  tables  for  the  seen  and  unseen  hemispheres 
of  the  Sun  the  writer  got  the  following  curious  result : — 

N.  hemisphere. 

Born  on  visible  hemisphere         171 

Born  on  invisible  hemisphere      258 

Died  on  visible  hemisphere  248 

Died  on  invisible  hemisphere      181 


S.  hemisphere. 

Whole  disc. 

223 

394 

314 

672 

316 

664 

221 

402 
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Thus  both  north  and  south  indicated  that  the  greater  number  of  spots  were  born  on  the  unseen 
hemisphere,  but  the  visible  hemisphere  proved  the  graveyard  for  the  majority  of  spots. 

But  sunspots  are  not  the  only  features  of  the  Sun.  There  are  prominences  ;  these  are  like  great 
flames,  and  these  too  showed  that,  as  a  rule,  there  were  more  of  them  visible  on  the  eastern  edge  of 
the  Sun  than  on  the  western.  As  a  rule,  but  not  always;  for  with  prominences  as  with  sunspots,  it 
seemed  when  the  Sun's  activity  died  down  as  if  the  western  flames  were  slightly  more  numerous  than 
the  eastern. 

The  Earth  is  so  small,  and  the  Sun  and  its  spots  and  flames  are  so  vast,  that  it  seems  absurd  to 
suppose  that  a  body  like  the  Earth  could  influence  structures  so  much  greater.  Might  it  not  be  that 
sunspots  are  holes  which  slant  backwards,  and  if  behind  them  the  Sun's  surface  were  heaped  up,  it 
seems  possible  that  as  the  spots  came  up  the  eastern  slope  to  the  central  meridian  we  should  see  their 
front  parts  unhidden  by  the  faculous  clouds,  but  as  they  went  down  the  western  slope  we  would  see 
them  partly  covered  up  by  the  faculas  behind  them. 

In  1921  E.  W.  Maunder  tested  this  suggestion  by  investigating  whether  the  faculse  themselves 
showed  any  preference  for  the  east  or  the  west.  If  they  should  show  no  preference  then  they  might 
well  be  the  cause  of  the  apparent  preference  of  sunspots  for  the  east,  since  the  faculae  lie  above  the 
sunspots  and  tend  to  lag  behind  them.  But  for  the  42  years  examined  by  E.  W.  Maunder  the 
eastern  faculse  predominated  over  the  western,  slightly  but  persistently  for  such  parts  of  the  solar 
cycle  as  the  Sun  is  most  active ;  during  those  years  when  the  Sun  quieted  down  the  western  faculse 
were  the  greater  and  more  numerous.  This  is  the  same  result  as  is  found  for  the  solar  flames.  Now 
there  is  nothing  to  hide  the  faculae,  and  therefore  it  would  seem  as  if  the  Earth  does  exercise  a  real 
and  sensible  influence  upon  the  forces  within  the  Sun.     It  is  an  influence  that  is  not  equally  efficient 


By  permisston  of  [The  Yerkes  Observatory. 

I,OW    1,YING    FOG    CI,OUDS    AS    SEEN    FROM    MOUNT    VVII,SON. 

These  clouds  lie  some  three  or  four  thousand  feet  below  the  great  Solar  Observatory  on  Mt.  Wilson  in  California,  and  when 

present  they  are  used  to  find  how  much  sunlight  is  reflected  from  such  cloud.     This  is  of  importance  for  comparison  with  the 

sunlight  reflected  from  the  planet  Venus  as  an  indication  whether  she  is  covered  with  cloud  or  not. 
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^Greenwich  Observatory. 

"  REGUI,AR  "    SUNSPOTS. 

These  sunspots  of  different  sizes  are  all  of  the  "regular  "  tjTie,  having  round  black 

umbrce  surrounded  by  round  igrey  penumbrae.     Note  that  the  Sun's  limb  is  less 

bright  than  its  centre. 


at  all  times  ;  it  is  most  potent 
when  the  Sun  is  active  ;  when 
the  Sun  is  quiet  the  Earth's 
influence  dies  down,  or  perhaps 
even  acts  in  a  contrary  direc- 
tion. 

'Spots,  faculae  and  promin- 
ences all  keep  the  law  of  the 
11-year  cycle,  but  they  keep  it 
somewhat  independently ;  they 
attain  their  maxima  and  die 
down,  not  all  at  the  same  times, 
just  as  the  northern  and 
southern  hemispheres  do  not 
act    synchronically.  And 

another  feature  of  the  Sun  also 
keeps  this  law.  When  the 
Sun's  bright  disc  is  wholly 
covered  by  the  Moon  and  so 
is  eclipsed,  we  see  round  its  edge  a  radiance  shining  ;  not  a  halo  or  glistening  atmosphere  such  as 
surrounds  a  candle  flame  in  a  fog,  but  a  structured  radiance  that  is  called  the  Sun's  corona  (see  p.  126). 
When  the  Sun's  activity  is  at  its  least  the  corona  seems  to  consist  of  two  pairs  of  wings  folded 
more  or  less  symmetrically  along  the  line  of  its  equator,  together  with  coronal  plumes  at  the 
north  and  south  poles,  not  unlike  some  types  of  aurorae  on  the  Earth.  At  maximum  activity, 
when  the  sunspots  are  spread  most  widely  in  longitude  and  latitude,  the  great  wings,  or  petal- 
shaped  leaves  of  the  corona,  spread  out  in  all  directions,  appearing  sometimes  even  to  cover  the 
poles  of  the  Sun,  and  the  broad  bases  of  the  petals  surround  the  regions  where  spots  have  been  and 
above  which  the  prominences  flame.  But  the  tips  of  the  petals  do  not  taper  to  a  point,  but  stretch 
out  into  long  rod-like  rays — beams  with  parallel  edges — to  limits  beyond  what  no  photograph  as  yet 
has  been  able  to  trace  them.  All  these  features  are  turning,  though  with  unequal  rates,  with  the 
Sun  as  it  turns  on  its  axis,  and  we 
know  that  the  causes  which  excite 
them  lie  within  the  Sun.  Can  we 
get  any  measure  of  the  depths  at 
which  these  causes'  liej  from  the 
differences  in  behaviour  ? 

In  1905  E.  W.  Maunder  and  the 
writer  investigated  the  solar  rotation 
periods  for  the  two  cycles,  1879- 
1901.  We  found  that  the  rotation 
period  of  the  Sun,  obtained  by  Car- 
rington,  does  not  correspond  to  a 
latitude  of  between  10°  and  15°,  as 
he  supposed,  but  is  given  ^. by  the 
separate  spot  groups  of  latitude  22J° 
or  by  the  "  recurrent  "  groups  of 
latitude  20°  ;  in  other  words,  Car- 
rington's  period  is  not  that  of  the 
mean  of  all  spots,  but  is  considerably 
larger  than  that  mean. 


ich  Gbstnalory. 


A    COMPLEX    SUNSPOT    STREAM. 


The  leader  is  "  regular  "  ;   the  trailer  spot  is  very  complex  ;   in  between 

them  there  is  much  grey  pcnumbral  matter  with  small   umbrae.     Note 

the  black  umbral  trench  in  the  trailer. 


[0.  W.  kuchey. 
THE  0\VI,  NEBUI,A. 
Like  many  planetary  nebulae,  the  "  Owl  "  has  a  bright  star  placed  almost  centrally  within  its  circle.  There  is  very  little 
doubt  that  the  nebula  is  closely  associated  with  this  star,  and  it  has  been  suggested  that  the  nebula  owes  its  Ught  to  the  star's 
hght  being  either  reflected  wholly  at  each  point,  or  re-emitted  without  loss.  Mr.  Hubble,  of  Mt.  Wilson  Observatory,  suggests 
that  the  star  may  send  forth  streams  of  minute  charged  particles  which  excite  the  nebula  electrically  as  the  Sun  excites 
aurorae  on  the  Earth.     The  Owl  Nebula  is  the  largest  planetary  nebula  in  the  Heavens,  and  lies  near  the  second  Pointer  Star 

in  the  Plough. 
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E.  M.  Antoniadi.     H,  Thomson, 


E.  M.  A  nioniadi] 
MARS    IN     1916. 


iBritish  Astronomica  lAssociaiion. 


Six  views  of  the  planet  Mars  showing  the  north  polar  cap.  These  drawings  show  different 
presentations  of  the  north  pole  of  JIars,  but  do  not  show  its  change  of  size  with  the  Martian 
seasons,  as  all  were  made  within  a  couple  of  months.  But  in  addition  to  the  change  in  size  of 
the  polar  cap  of  Mars  with  the  seasons — just  as  our  northern  polar  ice  melts  to  some  extent  in 
our  northern  summer — M.  Eugene  Antoniadi  has  shown  that  the  Martian  snows  melt  more  quickly 
when  the  Sun  has  many  spots  and  more  slowly  when  there  are  no  sunspots. 


We  also  found 
that  spot  groups 
which  have  differ- 
ent lengths  of  life, 
if  discussed  separ- 
ately, give  differ- 
ent rotationperiods 
for  the  Sun.  There 
are  "  short-lived  " 
spot  groups  last- 
ing for  six  or  seven 
days  ;  "  medium" 
and  "  long-lived  " 
(13, 14,  or  15  days) 
and  "  recurrent  " 
groups,  these  last- 
ing through  more 
than  one  appari- 
tion, that  is  for  at 
least  three  weeks, 
and  perhaps  for 
five  or  six  or  even 
for  some  months. 
The  longer  lived 
the  group  the 
sjower  is  the  rota- 
tion which  rP^jyes 
for  the  Sun,  and  we 
infer  that  a  dis- 
turbance causing 
these  slower  mov- 
ing and  steady 
"recurrent" 
groups  lies  deeper 
down  in  the  Sun 
and  approximates 
more  closely  to  its 
true  rotation 
period  than  the 
shorter-lived  and 
more  erratic  groups 
caused  by  disturb- 
ances lying  nearer 
the  surface.  In 
other  words,  slow- 
ness of  mean  mo- 
tion is  a  criterion 
of  depth  for  the 
layer  under  exam- 
ination. 
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We  found  also  that  though  the 
higher  the  latitude  the  longer  the 
rotation  period  of  the  latitude,  yet 
the  shortest  mean  period  is  given, 
not  by  the  equator  itself,  but  slightly 
to  the  north  of  it.  On  the  whole 
the  periods  in  the  northern  latitudes 
tend  to  lengthen  more  rapidly  with 
distance  from  the  equator  than  those 
of  the  southern,  and  this  pheno- 
menon is  found  not  only  in  the 
totality  of  groups  but  also  in  the 
very  long-lived  "  recurrent  "  groups. 
For  the  whole  number  of  groups, 
short-lived  taken  with  long-lived,  we 
find  that  the  northern  hemisphere 
moves  more  rapidly  than  the 
southern  until  latitude  20°  is  passed, 
after  which  the  southern  moves 
more  rapidly ;  in  the  case  of 
the  deep-seated  recurrent  groups, 
treated  by  themselves,  the  northern 
hemisphere  is  the  more  rapid  until 
25°  is  passed,  after  which  it 
is  slower  than  the  southern. 


[A,  E.  Douglass, 

THE    SOI,AR    CYCI^E    AND    TREE    GROWTH. 

A  log  from  Dalarue,  Sweden,  whose  outermost  ring  was  grown  in   1911. 

Cycles  or  pulsations  are  easily  seen  in  the  grouping  of  tree  rings,  and  can 

be  identified  in  sections  of  other  trees  and  with  years  of  many  sunspots. 


{A.  E.  Douglass. 

THE    SOLAR    CYCLE    AND    TREE    GROWTH. 

A  section  of  a  Scotch  pine  of  six  inches  diameter  from   Os,  Norway.       It 

was  cut  in  1907  and  the  incomplete  outermost  ring  was  grown  that  year; 

the  innermost  ring  was  1848.      Arrows  mark  the  years  of  sunspot  maxima. 

If  a  photograph  of  the  Sun  is 
taken  by  means  of  the  spectrohelio- 
graph  in  a  ray  of  light  from  Calcium, 
so  that  a  picture  is  got  of  the  Calcium 
clouds  (these  are  like  faculae,  but  are 
not  identical  with  them)  they  are 
called  Calcium  flocculi.  They  lie 
close  to  the  spots  but  slightly  above 
them,  and  obscure  them  in  part. 
Like ,.  faculae,  flocculi  may  also  be 
found"  where  no  spot  is  actually 
visible.  Professor  Philip  Fox,  the 
Director  of  Dearborn  Observatory, 
when  at  Yerkes  measured  the. periods 
of  rotation  for  the  Calcium  flocculi, 
as  has  been  done  for  sunspots  at 
Greenwich,  and  for  them  he  showed 
that  for  every  corresponding  pair  of 
latitude  zones,  except  the  first,  the 
southern  hemisphere  has  a  slightly 
greater  rotational  movement. 

Combining  the  results  from  Mr. 
Fox  and  the  Greenwich  observers,  we 
find    that    for    such    groups    as    are 
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most  deeply  seated,  the  northern 
hemisphere  of  the  Sun  rotates 
more  quickly  than  the  southern 
up  to  a  solar  latitude  of  25°  ;  for 
spots  at  a  mean  level  slightly 
higher,  this  northern  excess  only 
extends  to  20° ;  whilst  for  the 
high  flocculi  the  reverse  holds 
good,  and  for  all  solar  latitudes 
beyond  5°  the  southern  hemisphere 
has  the  quicker  motion.  We 
thus  infer  a  state  of  strain,  not 
only  between  the  southern  and 
northern  solar  hemispheres,  but 
also  between  the  higher  and  lower 
strata  in  those  hemispheres. 

Dr.  Bauer,  the  Chief  of  Divi- 
sion of  Terrestrial  Magnetism  in 
the  United  States,  has  said : — 
"Modern  researches  would  indi- 
cate that  the  chief  source  of  the 
Earth's  magnetism  is  not  to  be 
referred  to  permanently  magnetised  substances,  but  doubtless  to  a  system  of  electric  currents 
embedded  deep  within  the  interior  of  the  Earth  and  connected  in  some  manner  with  the  Earth's 
rotation."  May  we  look  therefore  to  find  evidences  of  magnetism  in  the  Sun,  whose  various  layers 
rotate  in  such  differing  fashion  ? 


[British  Astronomical  Association. 

SUN  CRKSCEXTS   DURING  A  PARTIAI,  ECLIPSE. 

During  a  partial  eclipse  of  the  Sun  many  interesting  phenomena  are  observed. 

The  light  patches  cast  by  the  chinks  between  leaves  of  a  tree  are  no  longer 

round.  If  the  fingers  of  the  hand  are  outstretched  they  appear  like  a  bird's  claws. 


,  -^  [British  Astronomual  Associaiion 

MRS.    MAUNDERS'    OBSERVING    HUT    IN    INDIA. 
In  the  Solar  eclipse  expedition  of  1898  to  India,  the  huts  housing  the  telescopes  were  made  of  bamboo  matting, 
and  when  the  eclipse  began  the  matting  was  stripped  off  the  roof.     The  chinks  in  the  matting  showed  on 
the  floor  as  crescent-shaped  patches  of  light. 


\A.  E.  Douglas!. 
THE    SITE    OF    THE    3,200-YEAR-OI<D    TREE. 
Professor  A.  E.  Douglass  examines  sections  of  trees,  since  the  size  of  the  annual  ring  is  an  indication  of  the  annual  rainfall. 
This  is  the  site  whence  was  cut  down  the  oldest  Sequoia,  aged  3,200  years.      By  this  means  Professor  Douglass  can  carry 

back  the  rainfall  rei-rird'^  iiii'i  also,  perhaps,  the  solar  activity. 


A    TREE    AGED    2,800    YEARS. 
Cutting  a  sample  from  the  end  of  a  log  which  had  grown  for  2,800  years.     The  tree  had  fallen  about  six  years  earlier.      Professor 
Douglass  hopes  to  be  able  to  test  sections  of  fossil  trees  also,  and  so  gain  knowledge  both  of  the  rainfall  on  the  Earth  and  of 

the  spottedness  of  the  Sun  for  thousands  of  years. 
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E.  M.  Antoniadi,     H,  Thomson,  T.  E.  R.  Phillips]       [lirilish  Aslronomtcal  Association. 

MARS    IN    1916. 

The  planet  Mars  resembles  the  Earth  in  having  white  polar  caps  that  resemble  snow  and  are 
probably  hoar  frost.  Like  the  Earth  it  turns  in  twenty-four  hours  very  nearly.  Its  atmosphere 
is  very  rare  and  very  transparent,  so  that  the  features  on  its  surface  can  at  most  times  be  clearly 
recognised.  Thus,  in  the  first  four  drawings  there  is  a  very  dark  patch  bordering  on  the  north 
polar  cap  which  has  been  given  the  name  of  the  Acidalium  Sea. 


In  the  waning 
years  of  the  solar 
cycle  1901-1913, 
Professor  G.  E. 
Hale,  of  the  Mount 
Wilson  Observa- 
tory in  California, 
found  that  about 
60  per  cent,  of  all 
sunspots  are  twin 
groups,  the  single 
or  multiple  mem- 
bers of  which  are 
magnetically  dis- 
similar ;  also  in 
that  cycle  (the  one 
preceding  the  cur- 
rent cycle)  the 
"  leaders  "  of  sun- 
spot  streams  in  the 
northern  hemi- 
sphere of  the  Sun 
were  of  minus  sign 
(corresponding  to 
the  N.  magnetic 
pole  of  the  Earth), 
and  the  "  trailers  " 
of  these  same 
groups  were  of  plus 
sign  ;  for  streams 
in  the  Sun's  south- 
ern hemisphere, 
the  "leaders "  were 
of  plus  sign,  and 
the  "  trailers  "  of 
minus  sign.  That 
is  to  say,  in  the 
case  of  such  "  bi- 
polar "  groups  the 
magnetic  polarity 
of  the  two  chief 
members  is  reversed 
for  opposite  sides 
of  the  solar 
equator. 

Then  a  strange 
thing  occurred.  In 
1912,  just  as  dead 
minimum  set  in, 
there  was  a  sudden 
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reversal  of  the  magnetic  polarity — the 
"  leader "  spots  of  a  stream  in  the 
northern  hemisphere  became  of  plus 
sign,  and  of  the  southern  hemisphere 
became  of  minus  sign  ;  the  northern  and 
southern  hemispheres  changed  over  as 
regards  the  quality  of  their  magnetism. 
It  was  as  if  the  cyclones  and  tornadoes 
north  of  the  Earth's  equator  were  suddenly 
to  whirl  clockwise  instead  of  counter- 
clockwise. The  Sun  has  been  found  to 
have  a  magnetic  axis,  and  its  inclination 
to  the  solar  axis  of  rotation  and  its  period 
are  known.  The  Earth  and  the  Sun, 
rotating  in  the  same  direction,  are  magnets 
of  the  same  polarity,  with  magnetic  axes 
which  fail  to  coincide  with  their  rotation 
axes. 

This  reversal  of  polarity  in  1912  sup- 
plies another  indication  that  the  cause  of 
the  sunspot  cycle  has  its  seat  within  the 
Sun.  We  do  not  know  if  it  will  again 
reverse  at  the  approaching  minimum.  It 
may  be  worth  while  to  point  out  that  in 
this  last  cycle  now  drawing  to  a  close,  the 
ncrthern  hemisphere  has  proved  the  more 
active  ;  for  several  previous  cycles  the 
southern  was  steadily  the  stronger.  It  is 
possible  that  the  relative  activity  of  the 
north  and  south  may  depend  on  their 
magnetic  signs.  But  this  suggestion 
cannot  be  established  or  proved  erroneous 
for  several  years  to  come. 

If  a  photograph  of  the  Sun  is  taken 
in  the  spectroheliograph  in  Ha  light,  i.e., 
the  light  of  the  red  line  of  hydrogen,  a 
picture  is  got  of  hydrogen  flocculi,  and  the 
examples  reproduced  are  those  obtained 
by  Mr.  Evershed  at  Kodaikanal  in  India. 
On  the  series  are  seen  sunspots,  hydrogen 
flocculi,  and  long  curved  dark  markings 
due  to  absorption  by  hydrogen,  and  this 
hydrogen  is  seen  on  those  pictures  taken 
in  1919,  May  27-29,  as  a  great  promin- 
ence, the  famous  one  seen  on  the  eclipse 
photographs  of  that  year.  These  features 
alter  their  positions  and  shapes  from  day 
to  day ;  on  May  1 1  the  dark  absorption 
marking  forms  a  great  semicircle,  partly  in 
the   northern   hemisphere,   partly   in   the 


J.  Evershed]  [Royal  .Astronomical  Society. 

THE    SUN    IN    HYDROGEN    I,IGHT. 

A  photograph  of  the  Sun  taken  by  means  of  the  spectroscope  in 

hydrogen  light  and  showing  dark  markings  which  are  due  to  absorption 

by  hydrogen  vapour.     Note  that  these  dark  markings  form  a  very 

broken  circle. 


Evershed]  [Royal  Astrotiomical  Society. 

THE    SUN    IN    HYDROGEN    LIGHT. 

This  photograph  was  taken  two  days  earUer  than  the  upper  one 

and  shows  the  dark  hydrogen  markings  near  the  eastern  edge  of 

the  Sun.     Note  the  light  hydrogen  flocculi  lying  in  broken  bands 

across  the  Sun's  disc. 
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southern,  and  about  the  middle  cf  its  curve 
is  a  large  sunspot  with  bright  hydrogen 
flocculi  attached  to  it.  Mr.  Evershed 
computes  that  these  absorption  markings 
were  lying  about  30"  higher  than  the  spot, 
but  both  spot  and  absorption  prominence 
were  turning  through  14°-28  a  day — that  is 
almost  exactly  the  amount  found  by  E.  W. 
Maunder  and  the  writer  for  the  "  recur- 
rent "  groups,  those  whose  exciting  cause 
lies  deepest  in  the  Sun.  Mr.  Evershed 
says  that  these  dark  markings  often  appear 
to  "  form  the  outer  boundaries  of  the 
regions  of  sunspot  disturbance,  their  curved 
linear  forms  bending  round  the  preceding 
side  of  a  sunspot  group  and  trailing  east- 
wards on  either  side,  as  though  the  spots 
were  surging  through  a  liquid  sea  and 
causing  a  diverging  wave  on  either  side. 
It  is  difficult  to  avoid  the  conclusion  that  sun- 
spots,  flocculi  and  prominences  are  all  mani- 
festations of  the  same  disturbance  emanating 
probably  from  the  interior  of  the  Sun." 


/,  Evershed]  [Royal  Astronomical  Society. 

THE    ECIvIPSE    PROMINENCE    ON    THE    SUN'S    DISC 

AND    1,1MB. 

Prominences  are  closely  connected   if  not  identical  with  the  dark 

absorption  markings  due  to  hydrogen.      This  pair  of  photographs 

shows  the  great  prominence  on  the  Sim's  west  limb  on   May  16, 

and  on  the  Sun's  disc  on  May   11,    1919. 


Evershed]  [Royal  Astronomical  society. 

THE    GREAT    ECWPSE    PROMINENCE    OF    1919. 
During  the  eclipse  of  the  Sun  of  May  29,  1919,  a  very  fine  prominence 
was  seen  on  the  Sun's  eastern  edge.      This  was  a  long-Uved  promi- 
nence and  was  photographed  by  the  spectroheliograph  for  several 
days  before  and  after  the  eclipse. 


In  a  total  eclipse  we  can  see  not  the 
Sun  itself  but  its  surroundings,  and  here  again 
we  find  such  influences  proceeding  from  the  Sun 
and  building  up  the  structure  of  the  corona 
in  obedience  to  them.  In  the  SSE.  quarter 
of  the  eclipse  of  1871,  December  12,  a  leaf- 
like group  rises  above  a  bright  semi-circular 
arc,  and  much  fainter  arcs  can  be  discerned 
rising  above  the  lowest  one,  and  above  these 
the  sides  of  the  coronal  structure  are  curved 
as  if  they  would  meet.  Similarly  in  the 
eclipse  of  1898  in  India,  such  leaf-like  curves 
— "  glass  cases  "  as  they  have  been  familiarly 
described — were  seen  in  photographs  of  the 
lower  corona,  and  on  some  small  scale  photo- 
graphs, taken  by  the  writer  for  the  purpose 
of  obtaining  the  outer  corona,  these  curves, 
were  found  to  taper  as  if  tending  towards  an 
apex,  but  instead  of  reaching  a  final  point, 
appeared  to  be  blown  out  and  driven  away  in 
a  straight  line  into  space.  The  longest  beam 
there  photographed  was  traced  for  at  least 
six  million  miles. 

We  cannot  ever  see  these  various  features 
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Prof.  Philip  Fox]  [Yerkes  Observatory. 

CAI^CIUM      SPECTROHELIOGRAMS       OF 

THE  SUN. 
Taken  on  August  27,  1908.  The  bright 
patches  are  calciiun  clouds,  the  black  points 
are  sunspots  almost  hidden  by  the  calcium, 
and  there  are  small  calcium  clouds  all  over 
the  Sun. 


forward  by  Professor  Hale   that   the 


of  the  Sun  in  their 
relative  positions  all 
together,  yet  we  can 
judge  with  proba- 
bility that  the 
broad  bases  of  the 
coronal  wings  are 
outlined  roughly  by 
the  dark  absorption 
markings,  and  in- 
side these  boundaries 
the  various  streams 
of  sunspots,  the 
clouds  of  hydrogen 
and  calcium,  the 
flames  of  metals  and 
hydrogen,  all  re- 
spond to  the  deep 
underlying  disturb- 
ance. Remembering 
the    facts    brought 


Prof.  Philip  Fox]  [Ycrkes  Observatory. 

CAI,CIUM    SPECTROHEI,IOGRAMS    OF 

THE  SUN. 
Taken  on  August  28,  1908.  Note  how  all  the 
calciiun  markings  and  the  sunspots  have  moved 
towards  the  right  hand.  The  two  biggest 
calcium  clouds  and  the  enclosed  sunspots  are 
almost  in  the  same  longitude  but  in  different 

hemispheres. 


leader  "  and  "  trailer  "  of  a  stream  in  one  hemisphere  are 
of  different  polarities,  as  well  as  the  leaders  of  streams  in  different  hemispheres,  we  can  understand 
how  the  same  disturbed  area  may  feed  the  coronal  wings  with  particles  of  different  signs,  which  by 
their  mutual  attraction  give  rise  to  the  rod-like  beams  that  issue  from  it.  When  these  parcels  of 
electric  particles,  charged  with  different  signs,  cross  the  space  that  separates  the  Sun  from  a  planet — 
the  Earth  or  Jupiter — what  happens  to  indicate  their  arrival  ? 

First,  the  Earth.  We  have  long  known  that  a  magnetic  needle  will  point  nearly  due  north  and 
south  if  undisturbed.  But  it  does  not  remain  undisturbed  for  long,  for  day  by  day  from  about  nine 
in  the  morning  tUl  about  two  in  the  afternoon  there  is  a  feeble  swing  of  the  magnet  to  the  west,  and 

during  the  remain- 
ing hours  it  creeps 
back.  But    the 

extent  of  the  swing 
is  greater  in  sum- 
mer than  in  winter, 
greater  at  times 
when  there  are 
many  spots  on  the 
Sun  than  when  there 
are  few.  Terrestrial 
magnetism  con- 
forms to  the  11-year 
solar  cycle.  On  the 
Sun  every  now  and 
then — we  cannot 
foretell  it — a  mon- 
ster spot  breaks  out 
and  passes  across 
the    disc    into    the 


Prof.  Philip  Fox]  [Ycrkes  Observatory. 

CALCIUM    SPECTROHEI.IOGRAMS    OF 

THE    SUN. 

Taken  on  September  1,  1908.     Note  that   the 

two    great    caldiun    patches    in    the     Sun's 

northern  and  southern  hemispheres  have  moved 

past   the  central  meridian   into    the  western 

hemisphere. 


Prof.  Philip  Fox]  [Royal  Astronomical  Society. 

CALCIUM    SPECTROHEI<IOGRAMS    OF 

THE    SUN. 

Taken  September  2,  1908.     The  Sun  has  turned 

the  parallel  calciiun  bands  farther  to  the  west ; 

the  eastern  hemisphere  of  the  Sun  is   nearly 

devoid    of    them.     The    northern    spots     are 

almost  hidden. 
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unseen  hemisphere,  and  may  cross  and  recross  it  several  times ;  we  know  it  to  be  the  same  spot  by 
its  solar  longitude  and  latitude.  On  the  Earth  every  now  and  then,  without  warning,  the  magnetic 
needle  becomes  violently  agitated  ;  we  have  a  magnetic  storm,  which  lasts  for  some  hours  or  a  day  or 
two,  and  dies  down,  and  the  needle  swings  again  with  a  gentle  throbbing,  to  and  fro,  until  another 
unexpected  storm  agitates  it  afresh.  Are  these  unexpected  events  connected  in  any  way  ?  They 
occur  sometimes  together  and  sometimes  quite  separately.  We  can  recognise  a  spot  when  it  returns 
to  the  visible  hemsiphere  ;  can  we  recognise  a  magnetic  storm  again  ? 

We  can  recognise  it,  and  in  just  the  same  way  as  with  sunspots,  as  E.  W.  Maunder  has  shown. 


Proj.  Philip  Fox]  [Royal  Astronomical  Society. 

CALCIUM  MARKINGS  ON  THE  SUN. 
Professor  Fox  found  that  he  was  able  to  identify  some  of  the  small  calcium  markings  on  ine  photographs  of  the  Sun  taken 
in  caldtun  light,  and  that  he  could  follow  these  sometimes  for  four,  five  or  six  days.  Accordingly  he  measured  the  positions 
and  areas  of  these  markings  for  each  day  and  so  obtained  their  solar  longitude  and  latitude,  as  the  Greenwich  observers  obtain 
the  solar  longitude  and  latitude  of  sunspots.  From  this  Professor  Fox  was  able  to  conclude  that  Calcium  FloccuU  gave  a 
rotation  period  for  the  Sim  not  very  different  from  sunspots,  though  they  Ue  at  a  higher  level  than  the  sunspots. 
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TYPKS    OF    SOI.AR    CORON*. 


We  find  that  the  corona  varies  with  the  solar  cycle.  When  there  are  niaiij'  spots  on  the  Sun  the  corona  is  rayed  like  a  star  ; 
when  the  Sun  is  quiet  and  there  are  no  spots  upon  it  then  the  great  ojronal  streamers  seem  tf)  fold  themselves  about  the  Sun's 
equator.  In  the  i>icture  the  first  column  shows  the  corona  at  solar  ma.xunum  ;  the  secf>nd  column,  when  the  Sun's  activity 
is  on  the  decline  ;    the  third,  when  it  is  at  minimum  ;   and  the  fourth,  when  it  has  reawakened.     Note  especially  the  maxinnun 

eclipse  of    1893  and   the  minimum   of    1878  and    1889. 

The  time  between  the  return  of  the  spot  to  the  same  place  is  the  apparent  time  that  it  takes  the  Sun 
to  turn  on  its  axis,  and  that  is  the  time  that  occurs  over  and  over  again  as  the  interval  between 
successive  magnetic  storms.  In  the  two  diagrams  (page  146  top),  in  each  case  the  length  of  the  parallel 
lines  represents  one  rotation  of  the  Sun  ;  the  dots  give,  in  that  rotation,  the  longitude  of  the  centre 
of  the  Sun's  disc — in  the  one  case  of  "  recurrent  "  groups,  whether  they  were  north  or  south  ;  in 
the  other  case  for  the  time  of  beginning  of  a  magnetic  storm.  The  two  diagrams  are  not  for  the  same 
dates,  so  there  is  no  actual  connection  between  the  two  sets  of  phenomena,  but  it  is  obvious  that 
if  there  are  no  labels  attached  it  would  not  be  possible  to  say  which  related  to  sunspots  and  which  to 
magnetic  storms  ;  their  motions  and  the  variations  of  their  motions  are  of  the  same  order.  On  a 
particular  region  of  the  Sun  some  commotion  occurs  :  sunspots,  facute,  flocculi,  prominences,  are 
found  ;  above  the  disturbed  area  a  great  petal-like  streamer  of  corona  arises,  and  its  apex  drawn 
out  into  a  rod-like  ray,  containing  parcels  of  charged  particles,  which  extend  from  the  Sun  to  distances 
which  may  be  expressed  in  scores  or  hundreds  of  millions  of  miles.  When  those  parcels  of  charged 
particles  overtake  and  strike  that  part  of  the  Earth  where  the  Sun  is  setting  (since  the  Sun  turns 
on  its  axis  in  the  same  direction  as  that  in  which  the  Earth  is  revolving  in  its  orbit),  a  disturbance, 
more  or  less  violent,  occurs  of  the  Earth's  magnetism. 

Such  disturbances  may  be  visible  as  aurora:  on  the  Earth,  and  in  the  70  years'  dearth  of  sunspots. 
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E.  W.  Maunder  [Rvyiil  Astroiwmual  ^oiicty. 

SUNSPOTS    AND    JIAGN'ETIC    STORMS. 

The  horizontal  hnes  each  represent  a  rotation  of 

the  Sun  marked  out  in  longitude  b\'  the  scale  at 

the  top.     The  linked  dots  are  long-lived  sunspots 

whether  north  or  south. 


auror;c  were 
lacking.  Au- 
rorte  as  well 
as  magnetic 
storms  obey 
the  law  of  the 
Sun's  rota- 
tion, and  this 
could  not  be 
so  if  the  influ- 
ence  that 
brings  about 
our  magnetic 
storms  and 
aurora       pro- 


li.  ir.  Mauniler]  [Royal  Astronomical  Society, 

SUNSPOTS    AND    MAGNETIC    STORMS. 

Ceeded  equally      The  horizontal  lines  and  the  scale  of  longitudes  are 

from         everv      ^^  same  as  for  the  preceding  picture,  but  the  dots 

y       now   represent   the  beginnings  of  magnetic  storms 

part  of  the  so-  on  the  Earth. 

lar  surface  and 
was  radiated  from  it  equally  in  all  directions.      It  follows  that  both  magnetic  storms  and  aurorie 
are  brought  about  by  an  influence  which  arises  from  restricted  areas  of  the  Sun's  surface,  and  is  dis- 
charged from   such  areas  in  restricted  directions.      Further,  Mr.  Gavin  Burns  has  tabulated  the 
records  of  aurorje  of  the  j-ears  1916^1919,  in  accordance  with  the  solar  rotation,  and  his  tables  show 
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E,  \V.  Mautuicr  [Ko\aJ  Astronomical  Society. 

THli    BUTl'ERFtV    DIAGRAM. 
ICach  vertical  luie  represents  u  sunsixjt  whether  great  or  small  occurring  in  the  rotation  of  theSiuiand  in  the  latitude  north 
or  south.   Note  that  each  solar  cjde  is  marked  off  from  the  one  before  it  and  the  one  after  it  without  any  possibility  of  doubt. 
Note   that   the   south   seems   stronger   than   the  north. 


[Royal  Astronomical  Society. 
THE  CORONA  OF  1871,  DECEMBER  12. 
This  Ls  a  drawing  made  by  Mr.  A.  C.  Raiiyard  and  Mr.  \V.  H.  Wesley  itimx  the  photographs  taken  by  Lord  Lindsay's  expedition 
to  Baikul  to  observe  the  eclipse  of  1871.  Note  the  arching  prominences  in  the  lower  left  hand  quarter  of  the  eclipsed  Sun  and 
the  series  of  arches  above  them  formed  by  coronal  material.  Note  the  bright  loop  ui  the  east-north-east  quadrant.  Note  the 
black  straight  rift  m  the  west-north-west  quadrant.  The  coronal  streamers  have  almost  masked  the  polar  rays  but  those  at 
the  Sun's  north  pole  are  distinguishable.     Note  the  iwominences  near  both  the  north  and  south  poles  of  the  Smi. 


[Royal  Asttonomical  Society. 

A  coKoxAi,  stri;am]:r. 

This  is  ail  enlargement  of  the  north-west  coronal  streamer  of  the  eclijise  of  the  Sun  of  1871,  December  12.  The  drawing  is 
in  negative,  for  the  artist,  Mr.  W.  H.  Wesley,  drew  the  bright  parts  dark  as  on  the  original  photographs.  The  white  streak 
on  the  right  side  of  the  picture  is  the  very  black  streak  seen  in  the  west-north-west  quadrant  of  the  precc<ling  picture.  This 
streak  is  probably  due  to  absorbing  matter  and  its  straightness  is  in  sharj'  contrast  to  the  natural  curve  of  the  corona  seen  on 
the  left  side,  ths  leaf-like  structure  arching  over  an  active  region  on  the  Sun. 
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that  the  greatest  displays  synchronised  with  the  return  of  certain  special  meridians  to  the  centre  of 
the  Sun's  disc  ;  other  meridians  on  the  Sun  appear  to  leave  our  atmosphere  quite  undisturbed.  The 
Sun  is  structured,  not  only  as  between  the  northern  and  southern  hemispheres  and  as  between  different 
latitudes,  but,  as  regards  its  emanations,  as  between  some  of  its  longitudes  also. 

Besides  this  influence  on  magnetic  storms  and  aurora;,  in  two  other  cases  there  are  indications 
that  the  state  of  the  Sun's  interior  influences  the  conditions  on  the  Earth.  In  the  first  case,  in  1909, 
E.  W.  Maunder  showed  that  the  cyclones  of  the  Indian  Ocean  present  several  striking  instances 
of  the  recurrence  of  the  cyclone  at  the  interval  of  the  solar  rotation  as  it  appears  from  the 
Earth.  Thus  cyclones  occurred  on  the  following  dates :  1865  December  8,  1866  January  6, 
February  2,  March  3,  and  March  30,  and  it  is  improbable  that  such  a  sequence  should  be  wholly 
accidental,  especially  as  there  were  no  other  cyclones  catalogued  for  the  half  year,  1865  October  to 
1866  March. 

The  second  case  is  that  in  which  astronomy,  meteorology,  and  botany,  join.  Professor  A.  E. 
Douglass  desired  to  understand  the  variations  of  the  Sun  through  their  correlations  with  climatic 
phenomena.  As  the  science  of  meteorology  is  still  comparatively  new,  he  .sought  botanical  aid  in 
order  to  extend  his  knowledge  of  weather  changes  over  hundreds  and  even  thousands  of  years  b\' 


!A.  S.  I).  Maunder. 
THIC    I.ONC.    COKOX.\I,    K.W . 

This  drawing  was  made  by  Jlr.  W.  H,  Wesley  from  the  small  scale  amjiial  photograph  taken  by  the  writer  in  India  in  the 

eclipse  of  1898,     The  coronal  streamer  in  the  south-west  quadrant  is  petal-like  at  its  base,  l)ut  the  tip  of  the  petal  extends 

outwanls  in  a  rod-like  rav  f()r  at  least  six  millions  of  miles. 


making  use  of  the  dependence  of  the  annual  rings  of  trees  in  dr}'  climates  on  the  annual  rainfall.  He 
investigated  chiefly  the  pines  and  sequoias  of  northern  Arizona,  and  his  argument  was  that  the  tree- 
rings  measured  the  growth  and  the  growth  depended  roughly  on  the  amount  of  moisture.  Only  the 
yellow  pines  and  the  sequoias  extend  back  beyond  the  first  telescopic  observations  of  sunspots,  and 
from  the  yellow  pines  he  finds  an  11-4-year  cycle,  and  in  addition,  for  60  years  following  the  year  1660 
(corresponding  to  the  70  years'  dearth  of  spots)  the  curve  flattens  out.  The  sequoias  also  show  this 
flattening  but  for  the  years  1670-1727.  It  will  be  noted  that  in  the  case  of  pines  and  sequoias  both, 
there  is  a  lag  before  the  long  minimum  of  1645-1715  takes  effect.  In  certain  wet  climates,  where  trees 
give  a  good  record  of  the  solar  cycle,  we  find  that  the  maximum  ring  growth  is  three  years  in 
advance  of  the  solar  maximum. 

Professor  Douglass  says  :    "  The  yellow  pines  of  Arizona  give  evidence  that  500  years  ago  the  cycle 
was  operating  very  much  as  now.     The  sequoias,  if  correctly  interpreted,  already  carry  the  historj' 
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back  some  3,000  years,  and  beyond  that  fossil  trees  may  stretch  the  time  covered,  in  part  at  least, 
into  millions  of  j'ears." 

Leaving  the  Earth  and  its  meteorology,  the  next  planet  beyond  is  Mars,  and  in  1916  E.  M.  Antoniadi 
(the  most  skilled  and  careful  areographer  of  the  present  generation)  detected  an  agreement  between 
the  erratic  melting  of  the  snow  caps  on  Mars  and  the  solar  cycle.  Out  of  21  cases  observed  of  the 
melting  between  1862  and  1914,  17  are  favourable  to  the  agreement  in  question. 

The  solar  cycle  in  tree-rings  and  in  the  melting  of  the  snow  caps  on  Mars  may  be  due  rather  to  the 
relation  of  solar  heat  to  solar  activity  than  to  the  action  of  parcels  of  charged  particles  sent  out  by  the 
Sun.  But  in  the  case  of  the  ne.xt  planet,  Jupiter,  the  effects  produced  are  not  a  case  of  much  or  little 
heat,  but  of  changes,  in  my  opinion,  excited  by  emanations  of  such  particles  from  the  Sun. 


yroj.  A  /tu*y  i'v*  [Yerkes  Observatoty. 

THE    YRRKES    W.W    OF    MEASURING    FLOCCULI. 
\i  Greenwich,  solar  photographs  are  measured  accurately  in  a  micrometer  so  as  to  get  the  latitudes  and  longitudes  of  simspots. 
Calcium  floccuU  are  immense  shapeless  clouds  and  it  is  not  ix)ssible  to  measure  them  in  this  way,  and  accordingly,  at  Yerkcs, 
the  spectroheliograms  are  i^rojected  neatly  upon  a  ruled  globe  as  shown. 


Mr.  Stanley  Williams  pointed  out  in  1899  that  the  north  and  south  equatorial  Belts  are  gi\-cn 
to  an  interchange  of  their  colouring.  When  the  nortli  equatorial  Belt  is  intensely  red  the  south 
equatorial  Belt  is  not  only  .devoid  of  red,  but  even  bluish  ;  later,  in  two  or  three  years,  both  Belts 
are  equally  reddish  ;  then  again  in  two  or  three  years'  time  the  south  is  intenselj'  red  and  the  north 
bluish,  and  so  on.  In  the  intermediate  stages  when  both  are  reddish  the  equatorial  Zone  may  take 
on  a  "  tawny  "  hue  (actually  when  the  south  equatorial  Belt  is  changing  from  red  to  very  red,  and  the 
north  from  red  to  blue,  but  not  conversely),  and  in  1920  Mr.  Williams  investigated  this  colour  change 
also.  For  the  colour  cycle  in  the  Belts  he  gets  12-18  years,  and  for  the  Zone  11-95  years,  but  the 
interval  between  one  maximum  and  the  next  may  vary  by  one  or  more  j'ears,  just  as  the  solar  cycle 
does.     Mr.  Williams  attributes  these  changes  to  a  "  seasonal  "  effect  due  to  Jupiter's  revolution 
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round  the  Sun  in  11-86  years.  But  Jupiter's  axis  is  nearly  perpendicular  to  this  orbit,  so  that  no  true 
seasonal  effect  can  be  produced  on  his  equatorial  Zone  and  Belts,  and  though  the  eccentricity  of  his 
orbit  is  three  times  that  of  the  Earth's,  the  general  change  in  heat  from  perihelion  to  aphelion  should 
not  affect  differently  the  north  and  south  equatorial  Belts,  seeing  that  they  are  equally  presented  to  it. 

In  the  case  of  the  Sun  we  saw  from  "  the  Butterfly  Diagram  "  that  the  cause  of  its  changes  must 
come  from  within,  so  on  Jupiter  the  cause  of  the  changes  in  his  equatorial  Belts  must  lie  within  him  ; 
it  cannot  be  any  general  influence  impressed  from  without.  If  the  clianges  on  Jupiter  are  at  all  related 
to  the  Sun  then  they  must  be  brought  about  by  solar  influences  which  act  differently  on  Jupiter's 
northern  and  southern  hemispheres,  because  these  are  different  the  one  from  the  other. 

In  December  1922,  E.  Hubble,  of  the  Mount  Wilson  Observatory,  California,  published  his 
investigation  of  the  sources  of  illumination  of  diffuse  nebuhe  which  had  bright  stars  involved  in  them. 
He  found  that  the  stars  were  the  cause  of  the  illumination  of  the  nebulte  ;  that  these  re-emit  or  reflect 
exactly  the  same  amount  of  light  as  the  stars  shed  upon  them  at  any  point,  and  as  a  rule  light  of  the 
same  quality.     He  also  found  in  his  study  of  nebula;  of  more  definite  form  surrounding  central  stars 


From  "  Kiio:.U-ilgc/'j  [By  permission  of  the  Aslmiwmer  Hoyiil. 

GREENWICH    OBSERVATORY    FIFTY    YEARS    AGO. 
On   the  ri(.'ht   is  FIaiiistce<l   House,   the  original  observatory  built  by  Sir  Christopher  Wren.     On  its  roof  are  seen  the  wiiiil 
registers  and  time-ball.     In  the  backgrounil  is  seen  the  transit  house,  where  is  the  fuiiilaniental  telescoi)e  of  the  Greenwich 
Observatory.     The  dome,  like  a  gasometer,  housed  the  largest  instrument  then  at  Greenwich,  a  lij-hich  refractor. 


known  as  "  planetary  nebula;  "  from  their  disc-like  appearance  bearing  rough  resemblance  to  planets 
— that  their  luminosity  is  apparently  excited  by  the  radiation  from  those  central  stars  of  streams  of 
electrically  charged  particles.  It  would  not  be  surprising  therefore  if  we  should  find  that  such 
emanations  from  the  Sun— -which  cause  aurone  and  magnetic  storms  upon  the  Earth — also  prodtice 
effects  upon  Jupiter,  and  become  evident  to  us  there  in  changes  of  colour. 
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THE   ATMOSPHERE    OF    THE   SUS. 

By  C.  p.  Butler,  A.R.C.Sc,  F.R.P.S.,  F.R.A.S. 

To  the  obstTver  at  ordinary  times,  without  optical  aid,  the  Sun  appears  only  as  a  brilliant  disc, 
which  may  at  intervals  exhibit  dark  markings  known  as  sunspots.  Occasionally  the  Moon,  coming 
in  between  the  Earth  and  the  Sun,  completely  obliterates  the  disc,  and  it  is  during  such  Total  Solar 
Eclipses  that  indications  of  the  presence  of  something  outside  the  Sun's  edge  must  have  been  presented 
in  past  ages  to  all  who  were  sufficiently  interested  to  observe  the  phenomenon. 

Unlike  the  sunspots,  however,  of  which  we  have  records  from  very  ancient  times,  no  authentic 
record  appears  to  be  existent  concerning  observations  of  any  projections  beyond  the  Moon's  dark 
limb,  except  that  of  the  corona,  which  has  been  certainly  recognised  since  the  days  of  Kepler,  about 
A.D.  1600. 

At  the  eclipse  which  occurred  on  July  8,  1842,  we  have  the  first  accurate  description  of  three 
rosy-red  protiiberatices,  projecting  some  distance 
beyond  the  edge  of  the  dark  Moon.  For  some  time 
later  opinions  still  varied  as  to  these  features  be- 
longing to  the  Sun  or  the  Moon,  but  it  was  definitely 
settled  at  a  subsequent  eclipse  that  they  were  part 
of  the  Sun's  surroundings,  because  they  were 
found  not  to  partake  of  the  motion  of  the  Moon 
as  it  passed  over  the  Sun  during  the  eclipse. 

More  careful  observations  served  to  prove  that 
these  rosy  flames  or  protuberances  were  only  the 
higher  portions  of  what  appeared  to  be  practically 
a  continuous  ring  of  gaseous  material,  very  close 
to  the  edge  of  the  brilliant  solar  surface.  Soon 
after  measurements  made  with  telescopic  apparatus 
furnished  the  infomation  that  this  layer  of  seem- 
ingly coloured  gas  had  a  thickness  of  from  3,000 
to  5,000  miles — not  a  great  depth  considering  the 
Sun's  total  diameter  of  over  866,000  miles. 

*  In  spite  of  these  facts  many  otherwise  well- 
informed  people  continued  to  believe  that  the 
projections  might  be  caused  by  irregularities  on 
the  Moon's  edge. 

All  doubt,  however,  was  finally  dispelled  by  the 
satisfactory    observations    made    photographically 

by  Secchi  and  De  La  Rue  at  the  eclipse  of  1860,  in  Spain.  The  protuberances  were  found  to  be  quite 
independent  of  the  Moon's  motion,  and  henceforward  they  were  regarded  as  truly  solar  appendages. 
The  important  nature  of  this  new  advance  acting  as  a  stimulus,  immediate  arrangements  were  made 
for  very  extensive  observations  of  all  possible  future  eclipses. 

Before  the  next  eclipse,  however,  an  additional  method  of  research  was  being  perfected  in  the 
application  of  spectrum  arl'alysis,  and  at  the  eclipse  of  1868  it  was  found  that  the  solar  surroundings 
outside  the  Moon's  limb  were  compo.sed  of  gaseous  substances  which  showed  bright  line  spectra. 
One  of  thv  chief  constituents  of  this  atmosphere  first  recognised  was  the  well-known  gas,  hydrogen. 

For  the  first  time  it  was  definitely  proved  that  the  light  of  the  protuberances  could  not  be  due  to 
reflected  sunlight. 

The  French  observer  at  the  1H68  eclipse  was  Janssen,  who  had  made  special  spectro.scopic  pre- 
parations.    During  the  progress  of  the  eclipse  he  was  struck  by  the  brilliancy  of  the  spectnmi  lines 


OPKN    .SI<1T   WITH    PROMINENCE. 

liuggius  found  that  by  widetuiig  the  spectroscope  slit  the 

complete  structure  of  many  prominences  could  be  seen  at 

one  observation,   and  changes  in  their  form  more  easily 

detected. 
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due  to  the  solar  prominences,  so  much  so  that  he  was  encouraged  to  try  again  with  the  same  instrument 
when  the  ecHpse  was  over,  and  the  brilliant  sun-glare  again  became  effective  in  masking  all  finer  detail 
at  the  edge.  Next  day  he  was  able  to  test  his  idea,  and  he  then  made  the  successful  and  epoch-making 
discovery  that  the  bright  line  spectrum  due  to  the  solar  atmosphere  could  be  observed  with  the 
spectroscope  whenever  the  Sun  was  clear,  without  having  to  wait  for  the  occurrence  of  an  eclipse. 

Meanwhile,  in  London,  Lockyer  had  quite  independently  devised  the  same  procedure  for  seeing 
the  prominences,  and  carried  it  out  successfully.  This  mutual  discovery  was  commemorated  by  the 
French  Government  in  1872  by  the  special  issue  of  a  gold  medal  in  honour  of  the  two  astronomers. 

The  principle  involved  in  this  new  method  of  observation  lies  in  the  fact  that  if  a  mixed  source 
of  light  consists  of  continuous  radiation  and  also  monochromatic  radiation  (i.e.,  light  of  any  one  colour), 
any  increase  of  dispersion  by  means  of  a  spectroscope  will  gradually  reduce  the  intensity  of  the 


SOLAR    PROMINENCES   AND   CORONA. 


\Lick  Observatory  Expedition. 


Photographed  during  Total  Solar  Eclipse  of  the  Sun  by  the  expedition  from  the  I,ick  Observatory,  California.  Part  of  the  bright 
chromospheric  ring  is  well  shown  along  the  right-hand  top  quadrant.  Several  groups  of  prominences  are  seen,  mosUy  of  the 
quiescent  type,  and  they  are  distributed  at  widely  different  latitudes  round  the  limb  of  the  Sun.  The  equatorial  regions  of 
medium  latitude  are  those  where  the  coronal  extensions  are  greatest.       The  prominences  are  distinct  from,  and  of  different 

nature  to  the  corona. 
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[Harnard  and  Ritchey. 
SOI.AK  I'KOMINKNCES  PHOTO! '.KAI'Hl CD  AT  ECLIPSIC  OF  MAY  28,  1900. 
Kect>rils  of  the  solar  surn  miidings  were  obtaincfl  directly  on  a  larKc  scale  by  Barnard  and  Ritchey  from  the  Yerkes  Observatorj-, 
Chiaigo.  located  at  Wadisboro',  North  Carolina.  They  used  a  ccxlostat-mirror,  12  inches  in  ilianieter,  to  reflect  the  sunlight 
through  a  photographic  telescoi>e,  with  lens  0  inches  diameter  and  liUfeet  f<x:al  length.  Three  different  types  of  prominence 
are  shown  ;    the  left  one  like  two  sheaves  of  corn  ;    the  middle  one  almost  tangential  to  the  Sun's  edge  ;    the  right  one  a 

massive  pillar. 


continuous  spectrum,  while  leaving  almost  unaltered  radiations  showing  separate  bright  lines. 
These  bright  lines  will  be  dispersed  to  greater  distances  from  e^ich  other,  but  each  simply  remains  an 
image  of  the  spectroscope  slit  in  whatever  colour  is  being  emitted :  the  lines  of  hydrogen,  helium,  &c., 
in  the  case  of  the  solar  atmosphere. 

On  account  of  the  preponderating  rosy  colour  due  to  the  hydrogen,  this  luminous  ring  round  the 
Sun  was  given  the  name  Chromosphere,  to  distinguish  it  from  the  brilliant  white  disc  with  which 
wc  are  generally  most  familiar,  the  Photosphere. 

Another  prominent  constituent  gave  a  characteristic  yellow  line  close  to  the  well-known  double 
yellow  line  due  to  sodium,  for  which  at  that  time  no  terrestrial  equivalent  was  known,  and  it  was 
christened  Helium  by  Lockyer,  one  of  its  first  observers.  It  was  not  until  many  years  afterwards, 
in  189"),  that  this  hue  was  literally  run  to  earth  by  the  chemist  Ramsay,  who  was  able  to  prepare  gas 
giving  the  same  yellow  line  by  the  action  of  heat  or  acid  on  certain  rare  minerals.  Later  it  was 
detected  in  many  mineral  .Springs  at  various  places  on  the  Earth,  and  can  now  be  obtained  in  ver\' 
large  quantities. 

An  improvement  of  the  method  of  observing  was  soon  afterwards  devised  by  Huggins,  who  found 
that  if  the  instrument  was  provided  with  sufficient  dispersing  power  it  was  possible  to  see  the  whole 
image  of  each  prominence  by  widening  the  slit.  The  background  of  illuminated  sky,  however,  is  also 
increased  so  that  a  limit  is  soon  found  beyond  which  the  slit  must  not  be  opened.  The  new  method 
proved  a  very  great  convenience,  conducing  to  rapidity  of  observation,  as  details  of  the  prominence 
structure  could  be  detected  which  might  be  lost  if  successive  settings  had  to  be  made  with  a  narrow 
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slit.     Moreover,    when  a  complete  prominence  could   thus  be  kept  under  observation,  any   changes, 

Avhich  are  often  extremely  rapid,  could  be  more  accurately  detectjed. 

In  1870  Young,  in  America,  observed  the  total  solar  eclipse  by  the  new  spectroscopic  method, 

and  made  the  first  record  of  the  fact  that,  at  the  instant  of  complete  obscuration  of  the  photosphere, 

many  hundreds  of  bright  lines  were  visible,  amounting  to  what  he  considered  a  complete  reversal  of 

the  ordinary  dark  Fraimhofer  lines.     Believing  that  this  was  due  to  a  definite  layer  surrounding 

the  photosphere,  which  by  its  absorption  produced  the  dark  line  Fraunhoferic  spectrum,  he  called 

the  stratum  the  Re- 
versing Layer.  Many 
attempts  were  made 
to  photograph  this  at 
subsequent  eclipses,  but 
owing  to  the  extreme 
difficulty  of  adjust- 
ment nece.s.sary  to 
catch  the  exact  instant 
when  the  lowest 
stratum  was  un- 
covered, this  photo- 
graphic record  was  not 
obtained  until  it  was 
made  by  Shackleton  in 
Nova  Zembla  in  1896, 
using  a  prismatic 
camera  or  slitless 
spectroscope.  Subse- 
quent records  of  this 
reversing  layer  or  flash 
spectrum,  as  it  is  fre- 
quently termed,  have 
been  obtained  by  Lock- 
yer,  Evershed,  Mitchell, 
and  Dyson. 

Systematic  obser- 
vations of  prominences 
were  instituted  by  Tac- 
chini  at  Rome  in  1872. 
Records  were  made  of 
their  number,  height 
and  position  round  the 
limb  of  the  Sun.  To 
define  their  positions, 
north  was  taken  as 
zero,  0°,  and  angles 
reckoned    by    degrees 

through  90°  at  east,  180°  at  south,  270°  at  west,  back  to  360°  or  0°  again  at  north.     Accurate  sketches 

■were  also  made  whenever  possible. 

The  work  was  continued  by  Ricco  and  Mascari  at  Catania,  in  Sicily,  and  testimony  to  the  value 

of  these  Italian  observations  is  found  in  the  long  series  of  prominence  records  published  by  the  Italian 

Spectroscopic  Society. 


By  permission  uf]  The  Ycrbes  Observatory. 

THE  CiREAT  SOI.AR  PROMINKNCE,  -MAY  29,  1910. 
Photographed  with  the  spectroheliograph  at  the  Yerkcs  Observatory,  Chicago.  The  tirst 
picture,  bottom  left,  taken  at  Ih.  41m.,  shows  the  i)rominence  with  general  form  very 
similar  to  that  shown  on  the  Eclipse  picture.  Thf  other  sections  indicate  the  rapid  chanjes 
in  the  form  of  the  prominence  during  the  next  six  hours,  in  the  course  of  which  it  attained 
a  height  of  410,000  miles  above  the  Sun's  limb.  On  two  of  the  pictures  portions  appear  to  be 
floating  in  the  chromosphere,  quite  disconnected  from  the  Sun's  limb. 


Photo  ftvi  [A.  C,  D,  Crommelin. 

ECI<IPSE  PROMINENCE  AND  CORONA,  MAY  29,  1919. 
Photographed  during  the  Total  Solar  Eclipse  by  observers  from  Greenwich  Observatory.  The  two  bright  extensions  outside  the 
limb  of  the  dark  Moon  are  the  lowest  portions  of  the  inner  corona.  The  beautiful  prominence  exhibited  verj-  rapid  changes  throughout 
the  day  of  eclipse.  The  material  appears  to  be  thrown  out  from  the  funnel-shaped  portion  at  the  lower  end  of  the  prominence,  and 
gradually  rises  to  form  the  complicated  cloud-like  mass  which  runs  almost  parallel  to  the  Moon's  edge  for  about  30°.  Then  parts  of 
the  material  appear  to  fall  and  follow  a  curved  track  until  they  meet  the  Moon's  limb  close  to  the  coronal  streamers.    Note  also 

the  brautiful  curved  wisps  falling  inside  the  main  descending  arch. 
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Pholo  by''  [Yerkes  Observatory. 

QUIESCENT   AND   ERUPTIVE   PROMINENCES. 
Two  prominences  are  shown  at  the  limb,  one  small,  on  the  left,  the  other  much  larger 
and  roughly  conical.     Comparison  of  this  picttire  with  the  next  will  show  that 
the  small  prominence  is  almost  exactly  the  same  shape  and  size  in   the   two 
photographs.    It  is  a  quiescent  prominence.    This  type  often  lasts  for  long  periods. 


Long  series  of  obser\"ations 
were  also  made  by  Fenyi  at 
Kalocsa,  published  in  separate 
\olumes  from  that  observa- 
tory ;  by  Evershed  at  Kenley, 
Surrey,  and  Kodaikanal,  India, 
recent!}^  published  in  an  im- 
portant memoir  of  the  Ko- 
daikanal Observatory  ;  and  by 
Fathers  Perry,  Sidgreaves,  and 
Cortie,  at  Stonyhurst  Observa- 
tory, England. 

Quite  early  in  the  history 
of  systematic  prominence  ob- 
servation it  became  evident 
that  these  objects  could  be 
divided  into  two  main  classes, 
dependent  on  their  general 
form  and  degree  of  activity. 
These  were  called  Quiescent  and 
Eruptive. 

Quiescent  prominences  are 
the  diffused  cloud-like  masses 
which  are  frequently  observed 
near  the  same  places  for  long  periods  without  much  evidence  of  violent  change.      They  may  assume 

an  infinite  variety  of  forms, 
much  as  our  terrestrial  clouds 
do,  from  delicate  cirrus  tracery 
to  great  massive  cumulus  types. 
Some  times  they  are  connected 
to  the  chromosphere  by  a 
slender  neck  or  a  series  of 
columns  ;  at  others  they  ap- 
pear to  lie  bodily  on  the  surface 
of  the  chromosphere,  though 
this  may  be  due  to  the  con- 
necting columns  being  out  -of 
sight  on  the  spherical  surface 
of  the  Sun.  Prominences  of 
this  type  are  frequently  from 
60,000  to  100,000  miles  high, 
and  at  times  masses  are  seen 
to  form  apparently  by  con- 
densation about  their  position, 
with  no  evidence  of  having 
rv  i,  ni,  .,„,„..,  been  projected  from  the  chro- 
QUIESCENT  AND  ERii'Tivic  PROMINENCES.  mosphere. 

While  the  small  prominence  is  almost  unchanged  from  the  last  photograph,  the  Eruptive     prominences     are 

larger  prominence  on  the  right  is  seen  to  have  become  entirely  altered.    Its  height  quite   distinctively   opposite   in 

has  increasetl  about  three  times,  and  the  whole  of  its  material  appears  to  have  been  ^  '  u  ■ 

blown  alx)Ut  in  different  directions,  due  to  some  eruptive  force.  Character       tO       the       qUieSCCnt 
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liy  permission  of]  Tht  \crkcs  Observatory. 

SPECTRUM    OF   THE    SOLAR    CHROMOSPHERE,    MAY    28,    1900. 

I'hotoRraphcd  by  I,or<l  u-ith  a  large  tclcsctjpic  aimera  hjiviiig  a  prism  pkiced  uutside  the  object  glass.     The  l)right  arcs  are 

images  of  the  chromosphere  in  the  sixctrum  lines  of  Hydrogen,  Helium,  Calcium,  Iron,  etc.     The  different  lengths  of  the 

arcs  are  <lue  to  the  varying  heights  of  the  elements  in  the  solar  atmosphere. 

type.  They  are  seen  to  be  in  rapid  motion,  and  most  frequently  they  take  the  form  of  jets. 
These  are  often  found  in  the  neighbourhood  of  active  sunspot  groups,  which  may  be  near  the  edge 
at  the  time,  and  there  appears  to  be  considerable  evidence  that  many  of  them  are  due  to  ejection 
from  the  sunspot  areas.  In  the  records  of  their  motions  velocities  up  to  200  to  300  miles  per 
second  have  been  noted.  At  times  these  objects  are  so  brilliant  that  with  the  spectro.scope  the 
bright  lines  due  to  their  spectrum  may  be  observed  even  on  the  disc  of  the  Sun. 

Taking  the  diameter  of  the  Sun's  disc  to  be  about  thirty-two  minutes  of  arc  (  =  866,000  miles) 
the  average  depth  of  the  chromosphere  may  be  given  as  about  ten  seconds  of  arc,  corresponding  to 
about  5,000  miles. 

The  upjjer  edge  of  this  layer  presents  a  disturbed  appearance  which  has  been  likened  to  the  edge 
of  a  saw.  Part  of  this  may  of  course  be  due  to  disturbances  of  the  telescopic  image  produced  by  the 
unsteadiness  of  our  own  terrestrial  atmosphere.  It  is  the  larger  peaks  of  this  disturbed  stratum  to 
which  we  give  the  distinction  of  protuberances  or  prominences.  To  make  the  observations  more 
■definite,  it  is  usual  not  to  count  an  object  as  a  separate  prominence,  apart  from  the  chromospheric 
serration,  unless  it  is  higher  than  about  twenty  seconds  of  arc,  say  9,000  to  10,000  miles,  and  tables 

of  prominence  records  must  be  inspected  with 
this  limitation  in  mind. 

On  October  7,  1880,  Professor  Young,  at 
Princeton,  in  America,  observed  a  prominence 
extending  some  thirteen  minutes  of  arc  above 
the  south-eastern  limb  of  the  Sun.  This 
would  be  at  least  350,000  miles  high. 

A  prominence  of  exceptionally  active 
nature  was  photographed  at  two  stations  in 
India  in  1916,  May  26,  by  Ever.shed,  at 
Srinagar  in  Kashmir,  and  by  Royds  at 
Kodaikanal.  Fragmentary  details  of  promin- 
ence material  are  shown  at  heights  of  more 
than  eighteen  minutes  of  arc  above  the  solar 
limb.  Measurements  of  the  changes  shown  in 
several  of  the  recognisable  details  indicate 
velocities  up  to  457  kilometres  per  second. 

Another  extremely  high  prominence  was 
photographed  by  O.  J.  Lee  at  the  Yerkes 
Observatory  on  October  8,  1920,  which 
reached  the  height  of  nineteen  minutes  of 
arc,  corresponding  to  831,000  kilometres  or 
516,000   miles.      It   did    not    appear   to   be 


liy  permissinn  oj]  \The  Yerkes  Observatory. 

IvRUPTIVE    PROMINENCE   AND   SUNSPOT   GROUP. 

Showing  the  association  of  the  plume  or  fountain-shaped  eruptive 

jets  in  close  proximity   to  a  disturbed  sunspot  group  near    the 

•edge  of    the  Sun.     The  other   prominences  seen  along  the   Sun's 

limb,   farther   from   the   spot   group,   are   more   quiescent. 


QUIESCENT   AND    JvKUPTIVE    PROMIN-ENCES. 

(a)  Arched  form  of  Quiescent   Prominence.      This   type   often  presents   the  same  appearance    for    many  hours   together. 

(b)  Eruptive  Prominence  photographed  by  Hale, at  the  Kenwood  Observatory,  Chicago,  on  March  25,  1895,at  lOh.  40m.  The 
top  of  the  prominence  is  travelling  away  from  the  Sun's  limb,  but  is  also  beginning  to  fall  over.  The  top  of  the  prominence 
arch  is  about   162,000  miles  above  the  Sun.     (c)  The  same  prominence  photographed  only   18  minutes  later,  showing  the 

material  driven  to  a  much  greater  distance  from  the  Sun,  to  a  height  of  281,000  miles. 
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associated  with  anysunspots  on  the  disc.  During  its  process  of  formation  parts  of  it  moved  upwards 
from  the  Sun  with  velocities  of  at  least  seventy-seven  kilometres  or  forty-eight  miles  per  second. 

Another  great  eruption  occurred  on  the  day  of  the  total  solar  eclipse  of  May  29,  1919,  when  the 
prominence  illustrated  was  photographed  at  many  widely  separated  stations.  This  attained  a  height 
of  seventeen  minutes  of  arc  =  760,000  kilometres  =  470,000  miles,  and  also  exhibited  wonderful 
changes  in  the  details  of  its  structure. 

Most  of  our  readers  will  probably  be  familiar  with  the  change  of  pitch  of  an  engine  whistle, 
approaching  or  receding  from  a  station.  Similar  changes  in  pitch  are  observed  wdth  waves  of  light, 
when  the  source  which  is  emitting  them  is  in  motion  towards  or  away  from  the  observer.  In  this 
case  the  wave-length  or  colour  of  the  radiation  is  changed,  and  from  the  amount  of  this  change  it  is 
possible  to  calculate  the  velocity  with  which  the  source  of  light  is  moving. 


Uy  permission  of  1  [The  Yerkcs  Obstm'alory. 

3-FT.    SPECTROHELIOCKAPH    AT    JIOUNT   WII,SON,    CALIFORNIA. 

Thi-  main  ]K)rtiim  is  the  spectrograph  with  collimator  and  camera  5-feet  long.     On  the  right  is  the  primary  slit,  with  romul 

brass  disc  to  lit  the  image  of  the  Sun.     In  the  middle  is  the  camera  box,  insiile  which  may  be  seen  the  secondary  slit,  for 

isolating  the  special  spectrum  line  with  which  the  photograph  is  to  be  taken.    On  the  left  is  the  mechanism  for  moving  the 

whole  instrument  smoothly  and  uniformly  piist  the  statiotmry  image  of  the  Sun  on  the  primary  slit. 


Such  an  application  of  Doppler's  principle,  as  it  is  called,  has  for  many  years  been  applied  to 
determining  the  velocities  found  in  the  solar  prominences.  Careful  scrutiny  of  the  spectrum  lines 
shows  that  they  are  frequently  so  altered  as  to  appear  distorted,  sometimes  being  shifted  towards 
the  red,  indicating  that  the  prominence  material  is  travelling  away  from  the  Earth  ;  at  other  times 
the  deflection  is  towards  the  violet  end  of  the  spectrum^  showing  that  the  material  is  coming  towards 
the  Earth. 

By  combining  these  velocities  in  the  line  of  sight  with  those  determined  in  the  plane  normal  to  that 
direction,  which  latter  are  given  by  the  direct  measurements  of  the  changes  in  the  prominences,  some 
idea  of  the  real  motions  of  the  gases  in  the  solar  atmosphere  have  been  obtained. 


J.  Kxerslu-d. 
GREAT  SOLAR  1'R0MIX1;NCI;,  may  2(>,  191B.  ' 
Six  photographs  taken  with  the  spectrohclioj<raph  beloiiKiiix  to  the  Kodiiikaiuil  Observatory,  India.  IJurini;  the  earlier  stages 
the  changes  in  detail  are  very  striking,  but  one  chiiracteristic  feature  persists  througlicjut  the  series  tile  ai)pearance  of  the 
gaseous  matter  being  blown  away  over  to  the  left  side  by  some  force  from  the  right.  Notice  the  remarka))le  straightness  of 
the  main  streak  on  No.  4,  before  the  material  begins  to  stream  away  to  f(jrm  the  arches.  Many  of  the  fragmentary  i)ortions 
reached  a  height  above  the  Sun's  edge  of  480,000  miles.     I>uring  the  eruption  various  jxirtions  of  the  jironiinence  matter  moved 

with  vel(xrities  of  280  miles  per  second. 
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An  interesting  result  of '-such  calculations  is  to  show  that  a  great  number  of  the  eruptions  on  the 
Sun  appear  to  be  of  spiral  structure,  sure  indication  of  some  vortical  or  whirlwind  type  of  motion. 
We  shall  see  later  that  this  is  beautifully  shown  by  other  phenomena  on  the  Sun's  disc,  and  evidently 
is  one  of  the  distinctive  features  of  the  solar  activity. 

Observations  during  eclipses  show  that  nlthough  certain  substances,  such  as  hydrogen,  calcium, 
and  helium,  are  present  in  all  parts  of  the  solar  atmosphere,  other  elements,  chiefly  those  of  moderate 
atomic  weight,  evidently  occur  in  localised  strata,  partly  but  not  entirely  in  proportion  to  their  atomic 
weight.     These  lower  layers  show  the  spectra  of  sodium,  iron,  titanium,  magnesium,  strontium,  &c. 

Although  in  general  the  spectrum  of  the  chromosphere  may  be  considered  as  being  a  reversed 
Fraunhofcr  spectrum,  it  shows  many  differences  in  the  relative  strengths  of  various  classes  of  lines. 


By  permhsion  of]  [The  Yerkes  Observatory. 

5-FT.    SPECTROHEI,IOGK.\PH    AT   MOUNT   WII^ON,    CALIFORNIA. 
Side  view  of  the  instrument  showing  the  two  spectrograph  tubes,  fixed  parallel  to  each  other.     The  one  to  the  right  is  the 
■<»Himator,  carryiiii;  the  primary  slit,  and  br.iss  disc  in  position  to  cover  the  Sun's  image.    The  left-hand  tube  is  the  camera, 
with  the  dark-slide  holder  in  the  large  box  at  the  front  end.    The  whole  instrument  is  on  ball  bearings,  and  most  of  its  weight 
is  taken  off  the  supports  by  being  floated  on  mercury.    On  the  extreme  left  is  the  driving  mechanism  and  electric  motor  for 

traversing  the  instrument  across  the  Sun's  image. 


The  most  notable  of  these  divergencies  is  the  preponderance  of  what  are  known  as  enhanced  lines 
of  the  elements  concerned. 

When  an  element,  for  instance  iron,  is  vapourised  under  different  sources  of  heat,  say  an  ordinary 
furnace,  the  electric  arc,  or  the  spark  from  an  induction  coil,  it  is  found  that  while  many  lines  occur 
under  all  these  different  conditions,  there  are  in  addition  certain  radiations  which  appear  under 
particular  circumstances.  The  special  lines  which  are  shown  in  the  spark  spectrum  of  any  element 
are  known  as  the  enhanced  lines  of  that  element. 

It  is  by  following  up  such  facts  in  the  co-ordination  of  work  in  the  physical  laboratory  and  astro- 
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physical  work  in  the  observatory,  that  we  are  enabled  to  form  some  idea  of  the  relative  conditions 
governing  the  various  parts  of  the  solar  surroundings. 

The  results  obtained  from  a  study  of  the  distribution  of  solar  prominences  have  given  most 
interesting  and  important  information  in  connection  with  the  question  of  the  solar  activity.  Mention 
has  been  made  in  a  former  section  of  the  regularity  of  distribution  of  sunspot  areas.  It  is  somewhat 
more  difficult  to  determine  the  actual  laws  of  distribution  of  prominences  over  the  Sun's  surface,  as 
to  some  extent  we  are  limited  in  only  being  able  to  observe  these  phenomena  at  the  edge  of  the  Sun. 
All  but  the  smallest  features  are  then  seen  in  projection  along  the  line  of  sight,  and  some  may  even 
be  only  the  tops  of  very  high  prominences  which  originate  either  on  the  side  of  the  Sun  away  from 
the  observer,  or  on  the  side  towards  him,  but  hidden  by  the  great  glare  of  the  photosphere. 

For  a  great  number  of  years,  however,  valuable  observations  have  been  accumulated  by  several 
observers,  notably  Tacchini  at 
Rome,  and  Ricco  and  Mascari 
at  Catania  in  Sicily. 

All  these  observations  are 
arranged  to  show  the  positions 
of  the  prominences  referred  to 
the  true  axis  about  which  the 
Sun  is  known  to  rotate,  and 
which  has  been  accurately 
found  from  the  observations  of 
sunsf)ots. 

It  will  be  remembered  that 
sunspots  are  generally  confined 
to  what  may  be  termed  the 
intermediate  zones  of  the  Sun's 
surface  (corresponding  roughly 
to  the  temperate  zones  of  the 
Earth),  between  5°  and  40° 
latitude  in  either  hemisphere. 
Sometimes,  indeed,  they  occur 
in  the  equatorial  zone,  but  it 
is  very  rarely  that  a  sun.spot 
is  found  farther  north  or  south 
than  45°. 

Prominences,  however, 
suffer  no  such  limitation.  They 
may  occur  at  any  latitude  from 
the  equator  right  up  to  the 
solar  poles. 

There   is   some    distinction 
between  the  zones  of  occurrence  of  the  two  main  groups  into  which  prominences  are  classified.     The 
eruptive  or  explosive  prominences  are  chiefly  confined  to  the  sunspot  zones  from  the  equator  to  40° 
north  or  south  latitude.     It  is  the  so-called  quiescent  or  cloud-like  prominences  which  have  the  wide 
range  of  distribution  in  solar  latitude  from  pole  to  pole. 

Taking  those  prominences  which  do  occur  at  all  places  on  the  Sun,  and  examining  their  positions 
from  year  to  year,  it  is  found  that  these  positions,  taken  individually,  show  a  regular  change  of  position 
according  to  the  epoch  of  the  solar  cycle  at  which  they  are  observed.  It  must  be  understood  that 
there  is  continual  birth  and  death  of  prominences,  and  it  is  their  position  which  shows  this  regular 
change. 


By  permission  of.  [The  YerUes  Observatory . 

SUN    WITH    SPOTS    ONI,Y. 

Photograph  taken  with  ordinary  light  from  the  Stui.     This  shows  only  the  bright 

white  disc  with  several  black  spots.    At  times  bright  faculse  are  photographed  near 

the  edge,  but  very  seldom  near  the  centre  of  the  Sun,  owing  to  the  brilliant  glare 

from  the  rest  of  the  surface  of  the  solar  photosphere. 
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By  permission  o/j  \_I be  \erkes  Obscnatory. 

DIRECT   PHOTOGRAPH    OF   SUN,  AUGUST    2.5,    190B, 
Taken  at  6h.  9m.  with  all  light,  showing  the  black  spots  only. 
Near  the  edge  may  be  seen  small  patches  of  bright  cloud 
material,  the  faculae. 


By  permission  of]  [The  Yerkcs  Observatory. 

SUN       PHOTOGRAPHED      WITH      5-FT.       SPECTRO- 

HELIOGRAPH,    AUGUST    25,    1906. 

Taken   at    6h.  22m.   with  the  ultra-violet  line    of   calcium 

vapour  (H,).    In  addition  to  the  spots  and  the  bright  patches 

near  the  edge,  bright  clouds  arc  now  shown  in  many  places 

on  the  body  of  the  Sun,  especially  round  the  spots. 


Two  zones  of  activity  are  usually  exhibited  :  One  following  the  sunspot  variation  more  or  less 
closely,  and  running  from  about  35°  latitude  just  after  minimum  activity  to  low  latitudes  about  5° 
at  some  time  before  the  next  minimum.  The  other  starts  at  about  latitude  40°-50°,  just  after 
maximum  activity,  and  gradually  changes  to  high  latitudes,  finishing  at  the  poles  in  cither  hemisphere 
about  the  time  of  the  succeeding  maximum. 


By  permission  of  >  The  Yerkes  Obseriittory. 

SUN      PHOTOGRAPHED       WITH      .5-I-T.      SPECTRO- 

HlvMOGRAPH,  AUGUST  2.5,  1906. 
Here  we  have  the  slit  of  the  spectrograph  set  on  another 
part  of  the  calcium  line  (H,),  which  records  the  calcium 
vapour  at  a  different  level  in  the  solar  atmosphere,  and 
consequently  the  bright  patches  have  somewhat  different 
shapes  from  those  shown  with  (Hi). 


liy  permission  oft  [The  Yerkts  Observatory. 

SUN      PHOTOGRAPHED      WITH      5-FT.      SPECTRO- 

HKI,10GKAPH,    AUGUST  25,    1906. 

(Juite  a  different  appearance  is  presented  when  photographed 

with  hydrogen  (Hj).    The  clouds  round  the  spot  centres  are 

now  dark. 


Splendour  of  the  Heavens 


167 


Despite  the  fact  that  the  first  photograph  of  a  prominence  in  full  daylight  without  an  eclipse  was 
obtained  by  Young  in  1870,  and  subsequent  attempts  with  modiiications  of  similar  apparatus  were 
made  by  Braun  in  1872,  and  later  by  Lohse,  no  material  success  in  the  organisation  of  continuous 
photographic  observations  was  attained  for  some  twenty  years. 

A  new  era  was  inaugurated  when  G.  E.  Hale  started  experiments  at  Harvard  College  in  1889-90 
and  continued  them  in  a  private  observatory  at  Chicago  -  the  Kenwood  Observatory.  Here  he  devised 
an  instrument  consisting  of  a  spectroscope  arranged  to  take  a  continuous  series  of  photographs  of 
strips  of  the  solar  image  from  one  limb  to  the  other,  the  motion  being  so  truly  regulated  that  the 
images  had  little  distortion.  By  passing  the  Svm's  light  through  the  moving  spectroscope  it  was 
possible  to  control  the  wave-length  or  colour  of  the  light  which  was  allowed  to  emerge,  so  that 
photographs  could  be  taken  in 
any  kind  of  light,  from  red  to 
violet,  just  as  if  a  coloured 
screen  had  been  interposed  in 
the  camera.  The  advantage 
over  a  coloured  screen  was 
that  the  requisite  selection  of 
colour  transmitted  could  be 
made  much  more  delicate, 
almost  amounting  to  the  isola- 
tion of  a  single  wave-length  of 
light. 

The  instrument  was  first 
devised  with  the  object  of 
facilitating  photography  of 
prominences,  and  at  its  first 
trial  at  Harvard  in  1890  was 
not  successful  owing  .to  the 
faintness  of  the  hydrogen  image 
then  chosen.  Continued  study 
showed  that  all  prominences 
were  very  rich  in  ultra-violet 
radiation,  particularly  that  of 
calcium  as  represented  by  the 
intense  lines  denoted  H  and  K 
by  Fraunhofer.  The  improved 
instrument,  with  which  very 
satisfactory  results  were  ob- 
tained at  Kenwood,  is  shown 
in  an  accompanying  illustra- 
tion in  a  former  section  (p.  66). 
In     this      early      instrument 

the  arrangement  embodied  movable  primary  and  secondary  slits,  while  the  solar  image  and  photo- 
graphic plate  were  fixed.  The  new  era  of  satisfactory  delineation  of  both  chromosphere  and  prominences 
round  the  entire  limb  of  the  Sun  may  be  thus  dated  from  results  obtained  with  this  instrument  in  1892. 

Almost  immediately  after  this  success,  the  principle  of  the  spectroheliograph  was  extended  to  the 
portrayal  of  detail  on  the  disc  of  the  Sun.  Hale,  and  also  about  the  same  time  Deslandres,  of  the 
Paris  Observatory,  had  found  that  ordinary  slit  spectrograms  of  the  Sun's  surface  gave  from  time  to 
time  evidence  of  brilliant  reversals  of  certain  of  the  dark  Fraunhofer  lines,  particularly  the  same 
H  and  K  lines  of  calcium,  and  the  ultra-violet  lines  of  hydrogen. 


By  permission  of  [The   Yerkes  Observatory, 

SOI^AR  PROMINENCES  WITH  SPECTROHELIOGRAPH. 
Showing  the  chroinosi)here  and  prominences  taken  yvith  tlie  spectroheliograph 
without  an  eclii>se.  Comparison  should  be  made  with  a  previous  picture  {page  157), 
which  was  photographed  during  a  total  solar  eclipse.  The  prominences  are  almost 
equally  well  showni  in  the  two  pictures,  but  on  the  spectroheliograph  record  there 
is  no  trace  of  the  solar  corona,  whiclj  has,  up  to  the  present  ti;nc,  only  been  detected 
during  total  eclipses  of  the  Sun. 
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Ordinary  photographs  of  the  Sun,  taken  with  the  whole  of  the  hght,  show  little  more  than  the  spots 
and  the  bright  patches  of  faculae  near  the  edge.  As  these  were  specially  rich  in  the  bright  calcium 
radiation,  it  was  soon  found  that  pictures  taken  with  these  special  lines  through  the  spectroheliograph 
showed  all  the  details,  not  only  near  the  edge,  but  wherever  on  the  disc  of  the  Sun  they  happened  to 
exist.     This  was  immediately  seen  to  be  a  most  important  advance. 

Great  bright  masses  of  cloud-like  material  were  often  found  on  the  surface,  which  were  quite 
invisible  on  the  photographs  taken  by  the  old  method  with  the  whole  of  the  integrated  light  from  the 
Sun.  Some  intimation  of  the  presence  of  such  areas  had  been  obtained  by  the  visual  observations 
of  Young  and  other  solar  observers,  when  they  found  bright  reversals  of  the  H  and  K  lines  in  the 
neighbourhood  of  sunspots  on  the  disc. 


By  permission  of 


[The  Yerkes  Observatory. 


DARK   AND    BRIGHT    HYDROGEN    FI^OCCDI,!,    OCTOBER  9,    1903. 


Photographed  with  hydrogen  light  with  spectroheliograph  showing  the  strong  dark  and  bright  hydrogen  flocculi  surrounding 
the  great  Sunspot.  The  vortex  stream  lines  are  well  shown  over  a  large  area .  The  rdatious  between  the  dark  and  bright  patches 
enable  the  observer  to  obtain  some  idea  of  the  relative  level  of  the  mixed  materials  in  the  cloud  regions  of  the  Sun's  atmosphere. 

Ordinarily  the  appearance  of  a  solar  photograph  presents  the  bright  disc,  the  black  spots,  and 
faculae  or  brighter  masses  near  the  edges.  This  is  shown  in  an  accompanying  photograph.  The 
appearance  shown  by  the  jiew  spectroheliograms,  as  they  are  now  called,  when  taken  by  the  pure 
light  of  calcium  or  hydrogen,  as  the  case  may  be,  is  illustrated  by  other  reproductions. 

Important  differences  are  shown  according  to  the  individual  spectrum  line  chosen  to  make  the 
picture,  as  will  readily  be  appreciated  on  comparing  the  results  obtained  with  calcium  and  hydrogen 
on  the  same  day. 

While  the  general  forms  and  positions  of  these  bright  clouds  photographed  with  the  new  instrument 
appeared  to  be  closely  related  to  the  faculae,  it  was  not  certain  that  they  were  identical,  and  to  distinguish 
them  Hale  proposed  to  call  them  flocculi,  from  the  chief  characteristic  of  their  structure  in 
billowy  masses. 
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THE    STARS     FOR    JULY. 
"Oar  plate  thows  the  aspect  of  the  sky  as  seen,  looking  Nonh  and  South,  from  Westminster  Bridget    but  the  positions  of  the  stats 
will  be  practically  the  same  for  any  place  in  the  latitude  of  Great  Britain. 

The  constellationi  will  appear  in  the  positions  shown  on  July     1  at  about  11.30  p.m.  (Greenwich  Mean  Time). 
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About  the  same  time  Deslandres  was  working  on  similar  lines  at  Paris,  and  excellent  pictures  were 
being  obtained  with  an  instrument  of  similar  function,  but  somewhat  different  in  design. 

Progress  with  the  new  method  was  rapid,  and  with  perfection  of  detail,  and  it  became  possible  to 
institute  routine  methods  for  the  daily  registration  of  the  solar  activity  by  its  means.  This  was 
done  by  measuring  the  areas  of  the  bright  calcium  clouds  shown  on  the  photographs  from  day  to 
day.  They  were  found  to  vary  in  amount  in  close  relationship  to  the  areas  of  sunspots,  in  the  period 
of  about  eleven  and  a  quarter  years,  called  the  solar  cycle. 

Measurements  of  the  positions  and  rates  of  motion  of  the  calcium  flocculi  gave  new  data  for  the 
period  of  the  Sun's  rotation  on  its  axis,  and,  with  certain  differences  from  the  values  found  by  means 
of  the  movements  of  sunspots,  the  results  indicated  similar  variation  of  rotation  velocity  at  different 
latitudes  on  the  Sun's  surface. 
The  flocculi  nearest  the  equator 
moved    faster    than    others    at 
higher  latitudes  in  either  hemi- 
sphere. 

It  was  soon  found  that  the 
work  demanded  for  its  satis- 
factory prosecution  a  larger 
instrument  than  that  at  Ken- 
wood, and  in  the  institution  of 
the  new  Yerkes  Observatory  of 
the  University  of  Chicago,  about 
1895,  Hale  made  provision  for 
a  spectroheliograph  of  much 
greater  power. 

The  Yerkes  refracting  tele- 
scope, of  forty  inches  aperture, 
gave  a  solar  image  .of  seven 
inches  diameter,  while  that  at 
Kenwood  was  only  two  inches, 
and  this  involved  difficulties  in 
the  design  of  the  optical  system 
to  transmit  such  large  angular 
separations.  These  were  over- 
come, and  the  resulting  Rumford 
spectroheliograph  became  the 
medium  of  important  advances 
in  the  research  on  the  solar 
atmosphere.  In  this  instrument 
the  spectroscopic  equipment 
with  its  two  slits  is  fixed,  while 

the  solar  image  and  photographic  plate  are  moved  across  the  slits  by  suitably  geared  electric  motors. 
The  increased  scale  of  the  photographs  sufficed  to  show  much  more  detail,  as  may  be  seen  on  two 
of  the  spectroheliograms  taken  with  it  which  are  here  reproduced. 

While  the  initiation  of  this  new  sphere  of  solar  investigation  is  due  to  Hale  and  Deslandres,  their 
example  was  soon  followed  at  many  of  the  leading  observatories  of  the  world. 

Evershed  was  the  first  in  England  to  construct  a  spectroheliograph ;  and  after  various  experimental 
trials  one  was  installed  by  Sir  Norman  Lockyer  at  the  Solar  Physics  Observatory,  South  Kensington, 
and  removed  to  Cambridge  in  1913.  Another  of  similar  design  was  taken  in  1902  to  the  new  Solar 
Physics  Observatory  at  Kodaikanal,  South  India,  by  the  writer,  who  spent  .some  time  there  instructing 


Hy  permission  of  The   Yerkes  Observatory. 

C.\I,CIUM    l-'I.OCCUI^I    ON    THIv    SUN. 

A  typicid  spcctroheliogram  of  the  Sun,  showing  the  brilliant  clouds  or  flocculi. 
This  would  be-  taken  with  the  bright  centre  (H^)  of  tjie  ultra-violet  t-alciuni  line. 
Note  the  occurrence  of  the  flocculi  in  two  belts.  .\lso  each  of  the  three  brighter 
masses  is  longer  than  it  is  broad,  and  their  inclinations  are  all  in  the  Siune  direction. 
The  inclined  portions  all  point  to  the  western  side  of  the  equatorial  zone. 


HaU. 


SUXSPOT    VORTICES. 


Showing  the  enormous  size  of  two  solar  disturbances,  with  a  spot  at  centre  of  each.  This  spectroheliogram  was  taken  in  the  red 
light  of  hydrogen  (Ha),  and  is  thought  to  represent  the  upper  layers  of  the  solar  atmosphere.  These  enormous  whirlpools 
contain  charged  particles  rotating  in  the  vortex,  thus  producing  a  magnetic  field  in  the  region  of  the  spot.  This  modifies  the 
radiation  coming  from  the  centre  of  the  spot,  causing  the  lines  of  the  spectrum  to  become  multiple  in  their  structure.  The 
direction  of  the  Sun's  axis  is  indicated  by  the  line  N.  S.,  and  it  will  be  seen  that  the  direction  of  rotation  of  the  vortex  stream 
lines  is  opposite  about  the  two  spots,  one  of  which  is  in  the  northern,  the  other  in  the  southern  hemisphere. 
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the  staff  in  astrophysical  work.  Later,  in  1908,  Evershed  was  appointed  Director  at  Kodaikanal, 
and  the  subsequent  development  of  solar  and  general  astrophysical  observation  has  provided  a  great 
amount  of  valuable  data  for  future  investigation. 

There  are  also  spectroheliographs  installed  at  the  continental  observatories  of  Catania  (Sicily)  ; 
Tortosa  and  Madrid  (Spain)  ;  Potsdam  (Germany).  The  Government  of  Japan  is  also  considering 
the  provision  of  similar  equipment  on  a  large  scale  for  several  branches  of  solar  investigation.  It 
is  also  hoped  that  solar  observations  will  in  the  near  future  be  organised  in  Australia  and  Russia. 

After  considerable  experience  had  been  gained  by  the  work  with  the  broad  calcium  line,  which 
offered  special  facilities,  attempts  were  made  to  utilise  the  radiation  from  spectral  lines  of  some  of 
the  other  elements  which  were  known  to  exist  in  the  solar  atmosphere.     First,  of  course,  with  the 


By  permission  of]  [The  Yerkes  Obsenatory. 

MINUTE    DETAII,    OF    CALCIUM    FI^OCCULI. 
With  the  large  mstruments  now  employed,  the  minute  structure  of  the  solar  surface  can  be  closely  studied.    This  is  apart  from 
any  of  the  great  flocculi  masses,  and  the  whole  of  the  Sun's  surface  is  dotted  with  these  bright  and  dark  specks  of  calcium 

vapour.     The  appearance  is  called  the  solar  reseau. 

lines  of  hydrogen,  which  in  the  earlier  work  had  only  been  unsuccessful  on  account  of  the  small  power 
of  the  older  instruments. 

By  substituting  a  diffraction  grating  for  the  dispersing  medium  in  the  spectroscope,  very  successful 
results  were  obtained  with  hydrogen  lines,  particularly  with  the  red  line  H^. 

The  photographs  thus  obtained  showed  solar  clouds  with  very  similar  forms  to  those  taken  with 
calcium  light,  but  with  the  important  distinction  that,  whereas  the  calcium  clouds  were  bright,  most 
of  the  hydrogen  clouds  were  dark.  At  times,  in  regions  where  there  was  obviously  an  eruption 
proceeding,  and  in  the  vicinity  of  disturbed  sunspots,  there  were  occasionally  found  bright  hydrogen 
flocculi. 

This  curious  result  has  provided  material  for  much  discussion,  and  the  interpretation  is  still 
surrounded  with  difficulty.   The  explanation  most  favoured  by  Hale,  their  chief  observer,  is  that  the 
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difference  is  chiefly  due  to  differences  of  temperature.  The  bright  calcium  clouds  lie  fairly  low  in  the 
atmosphere  of  the  Sun,  and  therefore  are  likely  to  be  at  a  comparatively  high  temperature.  The 
upper  layers  of  hydrogen  giving  the  dark  flocculi  may,  on  the  same  supposition,  be  expected  to  be 
relatively  cooler,  and  therefore  show  dark  on  account  of  their  absorption  of  light  coming  from  the 
incandescent  photosphere  below  them. 

In  his  early  work  on  the  calcium  flocculi,  Deslandres  at  Paris  had  realised  that  the  K  line  used 
for  the  spectroheliograph  was  so  broad  that  settings  on  different  sections  of  it  might  give  different 
results.     As  ordinarily  photographed  on  the  body  of  the  Sun,  this  line  is  dark  and  very  broad,  and 


H.  lUslamlrcs. 


SPKCTROHEI^IOGRAM   SHOWINC.    R.^DIAI,   AEI,OCITIES. 
Dcslaiidris,  of  the  Paris  Obscrviitory,  cmploj-s  the  spectrohtliograph  in  a  sptvial  way  to  obtain  the  velocities  of  the  various 
solar  vaixmrs.     Instead  of  making  the  instrument  traverse  the  solar  disc  with  a  uniform,  continuous  motion.  ;is  is  onlinarily 
done,  he  introduced  mechiinism  to  jjive  alternate  traverses  and  stops.    This  Rives  a  series  of  small  pictures  of  the  ultra-violet 
si>ectrum,  from  the  distortions  of  which  he  can  measure  the  corresponding  velocities  of  the  vajxnirs  by  the  application  of 

Doppler's  ])rinciple. 
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[  Yirkcs  Observatoiy 

CAI^CIUM    FLOCCnj,    WITH    H,    LIGHT. 

SEPTEMBER  22,   190.3,  3h.  40in. 

Shows    the   app«irauce   of    the   calcium    clouds   when    the 

secondary  slit  is  set  on  the  outer  edge  of  the  calcium  line  H,, 

registering  only  the  lower  layers  at  greatest  pressure. 


wherever  the  spectroscope  slit  lies  over  a  flocculus, 
it  shows  two  very  narrow  bright  lines,  or,  in 
some  cases,  a  single  bright  line.  These  are  called 
reversals.  When  a  spot  is  near,  or  any  pro- 
nounced disturbance,  there  is  cdso  a  secondary 
dark  core,  called  a  double  reversal. 

If  now  the  slit  is  set  on  the  outer  shading  of 
the  K  line,  we  get  a  picture  very  much  resembhng 
the  ordinary  photographs  of  the  Sun  taken 
without  the  spectroheliograph.  When  the  slit 
is  carefully  adjusted  on  the  central  bright 
reversal,  the  plate  shows  all  the  bright  calcium 
clouds  on  the  disc.  Finally,  if  the  instrument 
is  sufficiently  powerful,  settings  can  be  made  on 
the  central  dark  double  reversal,  showing  all 
the  areas  on  the  Sun  which  happen  to  be  in  the 
proper  condition  for  giving  that  effect,  that  is, 
the  dark  flocculi. 

Now  from  laboratory  experience  it  has  been 
surmised  that  the  width  of  a  spectrum  line  ma\- 
be  due  to  the  density  or  pressure  of  the  vapour 
producing  the  line  ;  the  greater  the  density,  the 
wider  the  line.    So  if  we  set  on  the  outer  edge  of 

the  broad  K  line,  we  are  probably  utilising  the  radiation  from  the  gases  at  the  base  of  the  solar 

atmosphere,  where  the  density  and  pressure  arc  most  considerable.     When,  however,  we  set  on  the  fine 

centre  line,  we  are  only  observing  the  extremely  tenuous  vapour  of  the  upper  layers  of  the  atmosphere. 
This  idea  has  been  developed,  so  that  from  a  regular  succession  of  such  settings  over  any  disturbed 

area,    we   appear   to   be   able   to   obtain   what 

corresponds  to  a  series  of  contour  maps  of  the 

material  composing  the  disturbances  in  the  solar 

atmosphere. 

Investigations  have  also  been  made  with  the 

lines  of  other  elements,  for  example,  iron.     The 

results  are  interesting,  but  still  more  powerful 

instrumental    equipment    is    needed    for    these 

narrow  lines. 

Realising   that   hydrogen   being  one  of   the 

constituents  of  the  highest  layers  of  the  solar 

atmosphere,   Adams  made  a  series  of  spectro- 
grams  showing   the   velocity   of   rotation   with 

several  hydrogen  lines,  at  various  latitudes  along 

the    solar    limb.     The    results    were    extremely 

interesting,  as  they  showed  that  the  hydrogen 

atmosphere    was    rotating    quicker    than    the 

general  layers  containing  the  spots  and  faculse. 

The  difference  amounted  to  about  one  degree 

per  day  at  the  equator  of  the  Sun. 

Further,  it  was  found  that  the  differences  of 

rotational  velocity  observed  at  various  latitudes 

for  spots  and   facuhe.   did   not '^  show  in  these 


[  YerkiS  Observatory. 

C.\I,CIUM    I-I,OCCri,I    WITH    H,    LIGHT. 

SEPTEMBER  22,    1903,  3h.   31m. 

Showing  the  calcium  clouds  when  photographed  with  the 

middle  bright  portion  of  the  line  H^.     Here  strata  at  a 

medium  level  arc  registered,  and  are  much  greater  in  area. 
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measures  on  the  hydrogen  atmospheric  stratum.  The  velocity  was  nearly  the  same  from  equator 
to  poles.  In  the  case  of  the  velocity  of  the  reversing  layer,  close  down  to  the  Sun's  photosphere, 
the  difference  in  rotation  period  between  0°  and  73°  solar  latitude  was  about  six  days  ;  for  hydrogen 
the  difference  for  the  same  zones  was  only  13  days. 

Hitherto  we  have  only  considered  the  spectroheliographic  records  of  prominences  at  the  limb 
of  the  Sun,  and  the  bright  and  dark  clouds  on  the  disc. 

Sufficient  evidence  is  now  available  to  make  some  progress  in  the  correlation  of  the  two  phenomena. 
In  the  case  of  eruptions  there  appears  to  be  much  evidence  for  thinking  that  the  explosive  prominences 
are  directly  associated  with  the  disturbed  areas  in  the  neighbourhood  of  sunspots.  The  type  of 
evidence  available  is  admirably  illustrated  by  the  composite  spectroheliogram  taken  at  the  Yerkes 
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BRIGHT    CALCIUM    fXOCCULI,    OCTOBER  9,    1903. 


Yerkes  Observtitory, 


This  great  mass  of  calcium  clouds  was  observed  to  be  surrounding  and  overhanging  the  great  sunspot  group.    The  details 

of  the  spot  group  show  how  it  is  broken  up  into  separate  umbrae,  roiiiid  which  the  flocculi  duster.    In  this  type  of  disturbance, 

constant  change  is  usually  taking  place,  and  series  of  photographs  are  taken  at  short  intervals  to  register  the  details. 

Observatory,  showing  an  eruptive  prominence  in  jets  from  the  limb,  and  a  disturbed  area  on  the  disc 
quite  close  to  the  origin  of  the  prominence  (page  160,  bottom). 

As  some  dark  hydrogen  flocquli  approach  the  limb  of  the  Sun  they  are  so  frequently  found  to 
be  associated  with  prominences  tit  the  limb  as  to  suggest  that  they  are  really  prominences  seen  in 
projection  against  the  bright  solar  disc,  absorbing  some  of  the  photospheric  light,  and  thus  mailing 
the  area  covered  by  them  appear  darker  than  the  rest. 

In  1908  Hale  published  results  showing  the  peculiarity  of  very  definite  vortical  structure  in  the 
streams  of  dark  flocculi  photographed  with  the  H^^  line  of  hydrogen.  The  appearance  in  some  cases 
is  most  striking,  and  when  observed  in  the  vicinity  of  regularly  formed  sunspots,  it  assumes  so  definite 
a  character  as  to  suggest  the  lines  of  force  seen  when  iron  filings  are  scattered  near  the  pole  of 
a  magnet. 
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Closer  inspection  showed  that  these  hydrogen  vortices  are  systematically  arranged  with  respect 
to  their  rotation.  Those  found  round  single  spots  in  the  northern  hemisphere  have  their 
whirls  arranged  anti-dockuise,  while  those  similarly  placed  in  the  southern  hemisphere  are  clockwise. 
The  appearances  distinctly  pointed  to  the  existence  of  solar  cyclones  or  vortices.  That  this  spiral 
structure  is  intrinsic  to  the  hydrogen  layer  is  proved  by  numerous  cases  where  lower  the  calcium 
flocculi  occupy  exactly  similar  places  on  the  Sun's  disc,  on  the  same  day,  but  show  no  trace  of 
vortical  structure. 

The  discovery  of  vortex  structure  led  Hale  to  suspect  that  these  regions  would  be  sources  of 
magnetic  phenomena,  due  to  the  rapid  rotation  of  charged  particles  in  the  vortices. 

.\  ready  method  of  putting  the  matter  to  a  positive  test  lay  in  the  discovery  by  Zeeman  that  if 


[J.  EvcrsUid. 


CALCIIM    FLOCCIM    .\T    TIXIl-;    OF    SUXSPOT    M.\XIMITM, 


SixKrtrohelio^raiu  of  the  .solar  ciUcium  clouils  taken  near  the  time  of  maximum  solar  activity,  .\ugust  10,  1917,  at  the 
Kodaikanal  Observatory,  India.  Both  bright  an<l  dark  llocculi  are  shown.  Thfe  inclination  of  the  bright  masses  to  the  western 
side  is  very  clearly  indicated  in  lx)th  hemispheres.  Many  of  the  flocculi  are  seen  to  have  sun.sjxits  near  their  extremities  : 
in  some  at  one  end  only  ;  in  others  at  both  ends.  Note  how  the  thin  dark  flocculi  meander  among  the  bright  masses,  and  in 
general  they  appear  to  be  inclined  in  the  sjime  direction  to  the  west. 
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a  light  source,  emitting  under  ordinary  conditions  a  spectrum  consisting  of  single  lines,  were  placed 
in  a  strong  magnetic  field,  the  single  lines  were  replaced  by  multiple  components,  the  number  and 
separation  of  which  depended  on  the  direction  and  strength  of  the  magnetic  field. 

For  a  number  of  years  previously  peculiarities  had  been  observed  in  the  spectra  of  sunspots,  for 
which  no  satisfactory  explanation  had  been  adopted.  Some  of  the  lines  were  widened,  others  doubled, 
and  various  other  modifications  from  the  appearances  of  the  lines  in  the  ordinary  Fraunhoferic 
spectrum  had  been  classified.  It  appeared  that  these  new  indications  of  the  possible  presence  of 
rotating  material  in  the  vicinity  of  the  spots  might  explain  the  cause  of  some  of  the  differences. 


SOI<AR    VORTICKS    KOLNIJ    SUXSI'OTS. 


An  enlarged  photograph  showing  the  details  of  the  vortex  streams  round  the  three  large  sunspots.    From  a  study  of  such 

pictures  it  has  been  determined  that  these  vortices  produce  magnetic  fields  in  the  sunspot  centres,  modifying  the  spectrum 

lines  of  the  vapours  existing  in  the  spots.    Also  that  the  Sun  itself  acts  as  a  feeble  magnet. 


This  was  actually  found  to  be  the  case,  and  it  was  shown  that  the  double  lines,  for  instance, 
observed  in  sunspot  spectra,  were  produced  by  the  radiation  having  been  under  the  influence  of  a 
magnetic  field.  Also,  by  comparison  with  standard  magnetic  fields  in  the  physical  laboratory, 
it  was  possible  to  artificially  produce  doublets,  &c.,  of  exactly  the  same  separation,  and  thereby 
obtain  accurate  measurements  of  the  strength  and  direction  of  the  magnetic  fields  in  the  sunspot  areas. 

The  great  success  of  these  observations  of  magnetic  forces  in  sunspot  vortices  led  to  the  design 
of  more  powerful  apparatus,  and  during  the  years  after  1909  a  huge  new  spectroscope  and  spectrohelio- 
graph  equipment  were  constructed  at  the  Mount  Wilson  Observatory  in  California,  having  a  telescope 
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150  feet  focal  length,  and  a  spectrograph  7o  feet  long.  \\'ith  this  it  has  been  possible  to  determine 
that  the  Sun  itself  acts  like  a  magnet  ;  that  is,  at  all  parts  of  the  Sun,  as  on  the  Earth,  a  compass 
needle  would  be  constrained  in  a  certain  direction,  pointing  to  the  magnetic  pole.  Hale  was  also 
able  to  prove  that  the  Sun's  magnetic  poles  do  not  coincide  with  the  poles  of  the  axis  of  rotation. 

Still  further  improvement  of  the  apparatus  has  enabled  the  American  observers  to  detect  faint 
disturbances  of  the  outer  surface  layers  of  the  Sun's  atmosphere  which  appear  to  be  far  too  small 
to  produce  anything  in  the  nature  of  the  commotion  found  even  in  a  small  sunspot  of  the  usual  type. 
But,  taking  the  view  that  any  signs  of  cyclonic  or  vorticose  rotation  in  the  solar  material  might  give 
rise  to  small  magnetic  effects,  special  search  has  been  Aiade  for  them.  Only  a  short  time  ago  Hale 
was  able  to  announce  the  detection  of  what  he  calls  invisible  snnspots,  a  somewhat  parado.xical  name, 
but  indicating  that  disturbances  were  present  giving  effects  of  similar  nature  to  those  shown  b}' 
ordinary  sunspots,  but  so  weak  that  they  did  not  develop  so  far  as  to  become  visible. 

To  obtain  such  results  it  has  been  necessary  to  take  special  precautions  against  the  possibility 
of  changes  of  temperature,  or  small  vibrations  in  the  apparatus.  Advantage  has  also  been  taken  of 
the  immense  improvement  in  the  quality  and  speed  of  photographic  plates  in  recent  years.  Some 
of  the  work  would  not  have  been  possible  with  the  plates  of  twenty  years  ago.  Now  all  parts  of  the 
spectrum  can  be  photographed  with  almost  equal  facility,  from  the  extreme  red  to  the  ultra-violet. 
Some  of  the  spectroheliograms  are  taken  in  the  light  of  hydrogen  (Ha),  at  the  red  end  of  the  spectrum  ; 
while  others  require  to  be  taken  with  the  ultra-violet  light  K  of  calcium,  far  awaj-  at  the  opposite  end. 


Dratiin^  by]  [^lril■tr»  BoUon. 

THE  EVENING  STAR. 

Seen  in  the  cleepeniiig  twilight  of  the  western  sky,  Venus  fonns  one  of  the  most  beautiful  spectacles  that  the  Heavens  afford. 

No  other  plaiiet  or  star  approaches  her  in  splendour,  and  she  attracts  the  attention  of  the  least  observant. 

CHAPTER    IV. 
ZODIACAL    LIGHT   AND   THE    INFERIOR    PLANETS. 


By  \V.  F.  Denning,  F.R.A.S. 

THE  names  of  celestial  discoverers  in  ancient  times  arc  nearly  all  unknown,  and  so  are  the  dates 
when  their  discoveries  were  made.  Though  certain  objects  and  phenomena  are  supposed  to  have 
owed  their  detection  to  comparatively  modern  observers,  they  must  have  been  seen  long  before 
by  people  whose  records  arc  lost  or  who  probably  mistook  their  meaning  and  significance  and  did 
not  realise  the  importance  of  what  they  saw.  The  discovery  of  the  Zodiacal  Light  has  been  attributed 
to  J.  D.  Cassini,  who  lived  in  the  middle  of  the  Seventeenth  Century,  and  who  was,  after  Galiteo,  the 
leading  astronomical  observer  of  that  time.  Childrcy,  in  a  work  he  published  in  1661,  called  the 
notice  of  astronomers  to  the  Light  which  he  had  observed  in  February-  and  JIarch  for  se\eral  j^ears. 
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But  a  long  time  before  this,  viz.,  at  the  end  of  the  Sixteenth  Century,  the  celebrated  Danish  observer, 
Tycho  Brah?,  detected  the  apparition  of  the  Zodiacal  Light  and  had  mistaken  it  for  vernal  evening 
twilight  of  unusual  character. 

The  Light,  however,  is  not  a  modern  innovation,  and  must  almost  certainly  have  been  noticed  by 
ancient  observers,  though  they  probably  considered  it  an  unimportant  appearance,  depending  upon 
a  mere  condition  of  the  air.  The  Chaldean  Shepherds  must  have  frequently  remarked  it  during  their 
ardent  contemplations  of  the  stars,  but  it  is  curious  that  the  Light  apparently  received  no  proper 
mention  and  record.  If  the  phenomenon  really  dates  its  first  recognition  from  ancient  times  all 
historical  mention  of  the  fact  is  lost,  like  that  of  the  discovery  of  Mercury,  of  the  Aurora  Borealis  and 
other  objects  which  are  palpable  enough  to  modern  eyes.  Even  the  significance  of  meteors,  startling 
as  they  sometimes  were  in  their  vividly  luminous  aspects,  were  in  former  days  scarcely  given  attention, 
and  were  allowed  to  pass  without  anything  beyond  mere  verbal  remark.  Considered  to  be  trivial  and 
temporary  objects,  purely  atmospheric  in  their  origin  and  character  and  due  to  inflammable  gases 
there,  the  old  observers  paid  little  heed 
to  such  phenomena,  though  they  con- 
templated the  stars  with  keen  interest  and 
intelligent  enthusiasm,  and  rightly  con- 
jectured their  primary  importance  and 
seemingly  everlasting  stability  in  the 
scheme  of  Nature. 

Humboldt  says  that  he  found  the 
strength  of  the  illumination  increase 
astonishingly  as  he  approached  the  equator 
in  South  America  and  in  the  Pacific.  In 
certain  parts  favourable  to  observations 
of  this  nature  he  described  the  brightness 
as  sometimes  surpassing  that  of  the  lumi- 
nous sections  of  the  Milky  Way  between 
Argo  and  Sagittarius,  and  the  region 
of  Aquila  and  Cygnus.  He  considered 
that  the  variations  which  occurred  in  its 
intensity  depended  not  so  much  on  the 
observer's  station  as  upon  changing  con- 
ditions originating  in,  and  affecting,  the 
phenomenon  itself.  In  tropical  regions 
the  Light  is  strongly  presented,  and  it  is 
in  .such  places  that  the  study  of  its  forms, 
intensity,  extent,  and  visibility  should  be 
conducted  with  all  the  skill  and  energy 

required  to  ensure  success.  Some  of  the  earlier  observers — Laplace,  Schubert,  Arago,  Biot,  and  others 
— contended  that  the  Zodiacal  Light  had  its  origin  in  a  vaporous,  flattened  ring  situated  between  Venus 
and  Mars,  and  Humboldt  considered  this  the  most  plausible  hypothesis  to  account  for  the  phenomenon. 
He  termed  it  the  "  Ring  of  the  Zodiacal  Light."  Sir  John  Herschel,  however,  objected  to  this  explana- 
tion, and  said  :  "  I  cannot  imagine  upon  what  grounds  Humboldt  persists  in  ascribing  to  the  Light  the 
form  of  a  ring  encircling  the  Sun."  Herschel,  in  his  well-known  "  Outlines  of  Astronomy,"  described  it 
as  "  a  cone  of  lenticularly  {i.e.,  lens)  shaped  light  extending  from  the  horizon  obliquely  upwards  and 
following  the  course  of  the  ecliptic,  or  rather  that  of  the  Sun's,  equator.  The  apparent  angular  distance 
of  the  vertex  from  the  Sun  varies  according  to  circumstances  from  40°  to  90°,  and  the  breadth  of  its 
base,  perpendicular  to  its  axis,  from  8°  to  30°.  It  is  extremely  faint  and  ill-defined,  at  least  in  this 
climate,  though  better  seen  in  tropical  regions,  but  cannot  be  mistaken  for  any  atmospheric  meteor 
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PHOTOGRAPH  OK  THE  ZODIACAL  LIGHT. 

Very  few  photographs  have  ever  been  taken  of  the  Zodiacal  Light. 

This  is  due  to  its  extremely  feeble  luminosity,   which    necessitates 

very  long  exiK>sures  with  ordinary  lenses. 


From]  ["  KnowUdge." 

TRANSIT  OF  MERCURY  1914,  NOVEMBER  7. 
Venus,  when  in  transit  across  the  face  of  the  Sun,  appears  as  quite  a  large  object,  and  can  be  seen  with  the  naked  eye  through  a  dark 
glass.  Mercury,  however,  is  not  only  a  smaller  body  but  is  much  farther  from  us.  Consequently,  the  transits  of  this  planet  can 
only  be  observed  through  a  telescope.  All  that  is  then  seen  under  the  best  conditions  is  a  perfectly  smooth  black  disc  standing  out 
displf  against  the  bright  background  of  the  solar  surface.  On  this  photograph,  taken  under  poor  conditions  at  Greenwich,  Mercury  is 
seen  as  a  minute  ill-defined  black  spot  near  the  middle  of  the  lowest  portion  of  the  Sun's  disc. 
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or  aurora  borealis.  It  is  manifestly  in  the  nature 
of  a  lenticularly  formed  envelope,  surrounding  the 
Sun  and  extending  beyond  the  orbits  of  Mercur\' 
and  Venus,  and  nearly,  perhaps  quite,  attaining 
that  of  the  Earth." 

It  is  well  that  in  recent  times  mankind  has 
cultivated  the  scientific  spirit  and  acquired  the 
habit  and  appreciated  the  necessity  and  import- 
ance of  careful  observation.  Thus  the  great 
significance  attached  to  many  natural  events  has 
been  proved  and  their  special  characters  understood 
and  acknowledged,  whereas  through  the  earlier 
ages  of  the  world's  history  little  or  nothing  was 
attempted  with  regard  to  observing  and  recording 
them  in  detail  with  a  view  to  solving  the  many 
interesting  problems  which  the  face  of  the  heavens 
offered  for  solution. 

The  Zodiacal  Light  may  be  described  as  a 
glowing  band,  broad  at  the  base  near  the  horizon 
and  getting  fainter  and  narrower  as  it  stretches 
obliquely  upwards. 

In  the  spring  months  it  is  conspicuously  dis- 
played after  sunset  on  moonless  evenings,  and  in 
the  autumn  it  is  observable  before  sunrise.  It 
flows  over  an  extensive  area,  and  may  sometimes 
be  traced  from  near  the  east  or  west  horizon  to  a 


SlW^C'onf' 
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PHOTOGRAPH  OV  THE  ZODIACAI,  LIGHT. 

Long  exposures  are  not   possible  in  photographing  this  object,  since 

its  position  in  the  western  sky  causes  it  to  set  quite  soon  after  it  first 

becomes  visible  in  the  twilight. 


DIFFERENT  POSITIONS  OF  VENUS. 
As  seen  from  the  Earth,  Venus  passes  alternately  on 
the  near  and  far  sides  of  the  Sun,  and  she  is  then  said  to 
be,  respectively,  in  Inferior  and  Superior  Conjimction  with 
that  body.  When  at  her  greatest  apparent  distance 
east  or  west  of  the  Sun,  she  is  said  to  be  in  Elongation. 
She  then  appears  high  in  the  sky  though  the  Sun  is  below 
the  horizon. 


considerable  altitude  in  the  southern  sky. 
It  varies  in  intensity  and  visibility,  being 
sometimes  a  striking  phenomenon  and  at 
other  times  scarcely  discernible.  Its  ap- 
pearance is  evidently  subject  to  variations 
dependent  on  the  condition  of  the  at- 
mosphere, and  possibly  on  other  causes. 

The  Light  is  now  believed  to  be  a  celes- 
tial feature,  and  has  been  explained  on  the 
view  that  it  represents  the  diffused  light 
reflected  from  myriads  of  meteoric  parti- 
cles revolving  in  streams  round  the 
Sun.  .At  first  con,sideration,  this  ex- 
planation might  be  thought  insufficient 
owing  to  the  fact  that  meteoric  systems 
are  inclined  at  all  angles.  But  we  must 
include  the  minor  planets,  of  which  an 
immense  number  probably  exist,  though 
not  more  than  about  1,100  are  known,  also 
the  comets  of  short  period  and  the  majority 
of  meteoric  systems  which  do  not  move 
in  orbits  that  are  greatly  inclined.  No 
doubt    the   space   over   which   our   Solar 
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System  extends  is  rich  in  small  planetarj-  bodies, 
and  the  action  of  the  large  planets  through  past 
ages  has  been  to  draw  smaller  objects  into  paths 
having  little  inclination.  In  fact,  the  orbits  of 
the  minor  planets,  periodic  comets  and  meteors 
must  approximately  correspond  to  the  direction 
of  the  Zodiacal  Light,  and  the  latter  phenomenon 
simply  presents  a  feature  which  we  might 
naturally  expect. 

The  cosmic  origin  of  the  Light  has  been 
disputed  by  several  astronomers,  but  the  features 
of  its  appearance  and  position  greatly  favour,  if 
they  do  not  absolutely  prove,  that  the  object 
has  its  derivative  source  far  outside  the  Earth's 
atmosphere  and  results  from  solar  reflection  on 
myriads  of  planetary  atoms  mainly  distributed 
in  directions  nearly  conformable  with  the  plane 
of  the  Sun's  equator. 


HOW  THE  SUN'  IS  PL.'iCED  IN*  THE  ZODIACAI,  LIGHT. 
The  Zodiacal  Light  extends  along  the  Ecliptic  on  )x)th  sides  of  the  Sun,  which  is 
centrally  placed  in  it.     We  can  only  observe  one  end  of  the  Light  at  any  one  time,  the 
other  being,  with  the  Sun,  below  the  horizon.     The  jwrtions  of  the  Light  seen  in  the 
evenings  and  mornings  are  thus  the  opposite  ends  of  one  great  continuous  formation. 


From  ["  The  Scu-  Heavens." 

A  LENS-SHAPED  NEBULA. 
Many  spiral  nebula;  present  their  edges  to  our  view,  and  so 
are  seen  "  in  section  "  rather  than  "  in  plan."  It  is  always 
noticeable  that  they  are,  like  a  lens,  thicker  in  the  middle 
than  at  the  edges,  and  there  seems  a  certain  analogy  between 
this  distribution  of  matter  and  that  presumed  for  the  Zodiacal 
Light  in  the  S<5lar  System. 


It  has  been  alleged  in 
opposition  to  the  idea  that  the 
Zodiacal  Light  is  a  celestial 
production  that  it  has  been 
sometimes  viewed  to  the  best 
effect  in  a  somewhat  hazy 
atmosphere.  It  was  better 
defined  on  a  November  morning 
as  seen  from  Clapham  by 
Fasel  than  he  had  viewed  it  in  a 
far  more  favourable  atmosphere 
in  Switzerland.  On  the  morn- 
ings of  December  3  and  4, 
1916,  the  Light  appeared  un- 
usually brilliant  to  the  writer 
at  Bristol,  though  the  atmos- 
phere was  not  favourable  for 
such  an  observation. 

The  extremities  of  the  cone 
extended  to  the  stars  in  the 
Sickle  of  Leo  or  about  100 
degrees  westward  from  the 
Sun,  but  from  numerous  obser- 
vations at  the  same  place  it 
appeared  that  the  Light  varied 
considerably,  and  was  some- 
times seen  to  extend  much 
farther  than  at  others.  The 
testimony  of  different  observers 
appears  to  be  consistent  in 
proving  the  remarkably  variable 


SOME  OLD  DKAWINtiS  OF  VIvNUS. 
These  drawings  were  made  in  the  ICighteenth  Centurj',  in  the  early  days  of  the  telescopic  study  of  Venus.  The  three  ujiper 
views  are  due  to  Schroter  and  show  irregularities  at  the  "  cusps  "  and  in  the  "  terminator,"  or  sunset,  line,  of  the  phmet.  These 
Schroter  attributed  to  the  presence  of  mountains  and  valleys  on  Venus,  but  his  estimates  of  their  probable  height  and  depth 
are  now  known  to  have  been  erroneous.  The  two  lower  pictures  show  the  large  dusky  patches  observed  by  Bianchini,  and 
believed  by  him  to  be  seas.     Similar  markings,  of  a  less  definite  character,  have  since  been  seen  and  drawn  by  many  observers. 
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character  of  the  Light.  Its  extent  and  visibility  are  liable  to  considerable  alterations  though 
its  general  form  is  similar.  Sometimes  a  striking  feature,  at  other  periods,  with  conditions 
apparently  the  same,  it  may  be  feebly  discernible.  It  seems  highly  probable  that  the  illumi- 
nating power  of  the  phenomenon  changes  from  some  inherent  causes,  and  differences  in  our 
atmosphere  must  account  for  many  discordances  ;  but  we  can  hardly  explain  in  this  way  all 
the    pecularities    of   aspect    which    sometimes    at    short    intervals    the    Light    displays. 

Humboldt,  who  watched 
the  phenomenon  from  foreign 
countries,  describes  its  as- 
pect as  like  "  a  pyramidal 
beam,"  and  noted  its  sur- 
prising alterations  of  appear- 
ance. At  stations  where  a 
clearer  atmosphere  and  better 
climatic  conditions  generallj- 
prevail  the  Light  is  stronger 
and  admits  of  more  success- 
ful observation. 

As  already  stated,  differ- 
ent authorities  vary  in  their 
opinions  as  to  the  nature  of 
the  phenomenon.  Wood 
thought  it  simply  a  mete- 
orological effect,  and  says  : 
"  Masquerading  through  the 
constellations  of  the  Zodiac 
as  though  it  were  a  celestial 
object,  we  are  confronted 
with  what  is  probably  noth- 
ing more  important  than  a 
column  of  atmospheric  dust 
feebly  illumined  by  the  action 
of  the  vertical  currents  of 
.tjie  .^Tjjh's  permanent  mag- 
netism in  their  passage 
through  the  atmosphere  into 
space,  directed  by  solar  re- 
pulsion." 

Lowe,  at  Nottingham  in 
February,  1850,  remarked 
that  the  Light  was  more 
brilliant-  on  one  night  than 
it  had  been  for  the  previous 
seven  j-ears,  showing  pulsa- 
tions of  greater  or  less  brilliancy  in  periods  of  thirty  seconds,  so  variable  as  to  be  almost  e.xtinct 
at  times. 

Guillemin  remarked  :  "  It  is  not  purely  meteorological,  since  its  participation  in  the  diurnal 
movement,  its  visibility  in  regions  of  the  Earth  over  distances  from  each  other,  and,  lastly,  its  nearly 
invariable  inclination  along  the  ecliptic  indicate  sufficiently  that  the  cause  which  produces  such 
appearances  lies  outside  our  atmosphere  in  the  celestial  spaces." 


After  a.  Drawing]  [By  .V.  Eiffler. 

THE  ZODI.\C.\I,  LIGHT,  SICICX  IX  THK  TROPICS. 
This  illustration  gives  a  fair  idea  of  the  Rcneral  shape  anil  distribution  of  luminosity  in 
the  ZfKliacal  Light.  The  central  and  lower  portions  of  the  "  cone  "  are  always  the 
briehtest,  and  have  been  observed  to  be  more  luminous  than  the  brightest  portions  of 
the  Milky  Way.  The  Light  fades  towards  the  edge  of  the  ame  and  merges  into  the 
sky  background  more  gradually  than  indicated  in  the  picture. 
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Proctor  says  of  the  Light  that  it 
presents  that  fair  tinge  of  pink  which  has 
been  recognised  in  the  corona.  "  It.  has 
been  observed  to  fluctuate  in  brightness, 
and  to  be  traversed  by  flickerings  analo- 
gous to  the  aurora.  This  glow  obeys  all 
the  usual  laws  obser\ed  in  the  motion  of 
all  celestial  bodies.  It  rises  and  sets 
precisely  as  the  stars  do,  and  presents  those 
peculiarities  which  force  on  the  astronomer 
the  conclusion  that  it  is  an  extra-terrestrial 
phenomenon.  It  is  a  ring  of  meteors 
outside  the  Earth's  orbit  revolving  round 
the  Sun." 

The  above  may  be  taken  as  samples  of 
the  views  held  by  different  writers,  and  a 
large  number  of  other  references  might  be 
made.  Observations  of  the  Light  are 
really  abundant,  but  most  of  them  lack 
the  systematic  character,  fullness  and 
accuracy  of  detail  which  are  essentially 
required.  One  of  the  most  diligent 
students,  the  Rev.  G.  Jones,  published  at 
Washington  in  1856  a  book  on  the  subject, 
in  which  he  gave  356  plates  of  the  Light 


From:,  ["  KnowUdge." 

PHOTOGRAPH    OF    THIv    ZODIAC.\L    WGHT. 

It  is  only  under  exceptionally  good  atmospheric  conditions,  and  in 

fairly  low  latitudes,   that  satisfactory  photographs  of  such  a  faint 

object  are  obtainable.     The  above  picture  was  secured  at  the  I.owcll 

Observatory,  in  .\rizona,  at  a  height  of  over  7,000  feet. 


From^  ["Knowledge" 

PHOTOGRAPH    OP    THE    ZODIACAL    I,IGHT. 
Noordinary  photographic  lens  being  rapid  enough  for  the  purpose  it  was 
necessary  to  use  a  lens  which,  though  giving  great  light-grasp,  was  de- 
fective in  other  ways.     This  accounts  for  the  distorted  shapes  of  the  star 
images  far  from  the  middle  of  the  picture  on  this  and  pages  179  and  181. 

as  he  observed  it.  The  Zodiacal  Light 
cannot  be  described  as  a  usually  con- 
spicuous or  attractive  phenomenon, 
though  it  is  often  very  distinct  and  strik- 
ing at  places  specially  favouring  its 
visibility,  and  it  invites  the  earnest  con- 
templation of  the  appreciative  student  of 
nature.  The  fact  is  that  this  light  is  not 
one  of  ostentatious  character.  It  may 
not  arouse  enthusiasm  in  the  soul  of 
the  individual  who  delights  in  brilliant 
spectacular  effects.  But  it  speaks 
tellingly  to  the  deeper  student  of  celestial 
wonders  who  regards  it  as  a  beautiful 
object  and  an  awe-inspiring  one,  for  in 
its  far-reaching  phosphorescence  he  men- 
tally recognises  myriads  of  planetary 
objects  revolving  around  the  Sun  and 
pursuing  orbits  varying  considerably  in 
distance,  though  not  greatly  inclined  to 
the  plane  in  which  the  Earth  itself 
revolves. 

When  a  person  recognises  this  light 
and  endeavours  to  describe  it  with 
precision,    he    finds    himself    confronted 
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with  a  difficulty.  The  object  spreads  over  an  extensive  area  and  its  boundaries  are  indefinite,  in 
fact,  the  brighter  parts  fade  gradually  and  imperceptibly  away  into  the  general  tone  of  the  sky. 
We  can  only  roughly  estimate,  therefore,  where  the  terminal  lines  are  placed.  It  is  the  same 
with  all  large  faint  nebulosities.  An  observer  looking  at  the  feebler  portions  is  apt  to  see  them 
flash  and  to  believe  that  pulsations  and  waves  of  luminosity  run  through  them.  This,  however, 
results  from  the  inability  of  the  eye  to  retain  a  steady  hold  or  grasp  of  the  faint  object.  It  is  a  case 
of  momentary  glimpsing.  These  apparent  rapid  changes  in  luminosity  are  not  temporary  variations 
in  the  thing  itself,  but  are  mere  visionary  sensations,  due  to  the  extreme  tenuity  of  the  light  which 
is  hovering  on  the  border  line  of  visibility  and  non-visibility. 

The  "  Counter  Glow." — This  represents  a  feeble  glow  sometimes  seen  in  the  sky  in  a  position 
opposite  to  the  Sun,  and  obviously  beyond  the  Earth's  orbit.  It  has  been  found  to  be  of 
an  elliptical  form,  and  averaging  some  twenty  degrees  in  diameter. 

In  September  and  October  it  has 
been  observed  diffused  over  the 
region  of  Pisces,  and  also  near  the 
end  of  January  in  Cancer.  Observa- 
tions of  this  feature  are  not  very 
numerous,  and  they  give  no  certain 
clue  as  to  the  cause  producing  it,  but 
it  is  probably  due  to  the  same  cause 
as  the  Zodiacal  Light,  viz.,  the 
reflection  from  meteoric  and  plane- 
tary particles  moving  in  that  part 
of  their  orbits  outside  the  Earth's 
position.  An  electric  origin  has  also 
been  discussed  and  the  idea  has  been 
held  that  it  represents  a  band  of 
hydrogen  and  helium  repelled  from 
our  globe  by  solar  influences. 

Another  theory  is  that  it  is  due 
to  a  swarm  of  meteors  which 
accompany  our  globe  in  its  orbit 
around  the  Sun,  and  continually 
retains  the  same  position  on  the 
outer  side  of  an  imaginary  line 
passing  through  the-Sun  and  Earth. 
The  Supposed  Planet  Vulcan. — 
More  than  half  a  century  ago  it  was 
thought  highly  probable  that  a 
planet  existed  revolving  in  an  orbit 
between  Mercury  and  the  Sun.  Various  observers  on  different  dates  had  seen  dark,  roundish  spots 
in  transit  across  the  Sun's  di^,  and  it  was  said  they  exhibited  rapid  motion,  and  a  planetary  aspect 
which  could  only  be  explained  on  the  inference  that  they  were  transits  of  an  unknown  orb. 

Le  Verrier  had  also  announced  that  certain  perturbations  occurring  in  the  motion  of  Mercury 
indicated  that  a  disturbing  planet  or  po.ssibly  a  zone  of  asteroids  existed  in  the  space  separating 
Mercury  and  the  Sun. 

The  observations  made  were  by  no  means  perfect,  and  they  apparently  were  inconsistent  when 
critically  compared,  but  from  the  data  available  mathematicians  endeavoured  to  deduce  the  orbit, 
and  the  suspected  planet  was  provisionally  named  "  Vulcan."  Le  Verrier  computed  for  it  a  period 
of  twenty  days.     The  probable  date  of  the  next  transit  was  given  and  careful  watch  was  maintained 


\^Aslruiwinischc  l\aclirichUn,  Xu.  lilH-i. 
.\  M.\P  OF  5n£RClRY. 
]-"ew  observers  have  been  able  to  see  markings  on  Mcreury  with  sufficient 
ilefiniteness  to  be  able  to  recognise  them  with  the  certainty  nccessarj-  for 
making  a  maj)  of  the  planet's  surface.  However,  the  late  Professor 
Schiaparelli,  observing  in  the  clear  sky  of  Milan,  was  able  to  do  so,  and  the 
map  shown  al'xive  was  drawn  by  him. 
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VENUS  APPROACHING  THE  EARTH. 

When  Venus  first  conies  into  the  evening  sky  she  appears  close  to  the  Sun  and  shows  a  nearly  full  disc  in  the  telescope.     As 

she  approaches  us  she  appears  larger  and  less  fully  illuminated,  and,  up  to  the  time  when  she  is  a  "  half -moon,"  is  seen  farther 

from  the  direction  of  the  Sun.     Thereafter  she  seems  to  approach  the  Sun  again,  becoming  meanwhile  an  ever  larger  but 

thinner  crescent.     The  proportions  in  this  and  the  succeeding  diagram,  however,  are  not  drawn  to  scale. 

of  the  Sun's  disc  at  the  important  time,  but  nothing  was  seen  of  a  strange  spot  on  the  solar  surface. 
For  several  years  the  supposed  planet  was  made  the  object  of  systematic  searching  during  the  months 
of  March-April  and  September-October,  which  were  regarded  as  the  most  likely  periods  for  it  to 
transit  the  Sun.  Absolute  failure  attended  all  the  efforts  made  to  obtain  another  glimpse  of  the 
missing  orb. 

During  several  total  eclipses  of  the  Sun  the  region  near  the  hidden  solar  orb  was  surveyed  with 
good  telescopes,  and  on  the  occasion  of  the  eclipse  of  July  29,  1878,  it  was  announced  by  Watson 
and  Swift  that  one,  if  not  two,  new  planets  had  been  detected.  In  any  case  starlike  objects  had  been 
found  in  places  which  did  not  agree  with  those  of  any  known  bodies.  After  a  good  deal  of  investigation 
and  controversy,  however,  nothing  could  be  proved  from  the  new  observations. 


\ENUS  RECEDING  FROM  THE  EARTH. 

After  passing  close  to  the  Sun  (apparently),  when  she  is  at  her  nearest  to  us,  Venus,  after  being  lost  for  a  few  days  m  the 

solar  rays,  reappetirs  to  the  west  of  the  Sun  and  becomes  a  morning  star,  visible  just  before  dawn.     Thereafter  she  passes 

through  the  same  series  of  changes  in  a  reversed  order,  finishing  up  as  a  small  fuUy-lit  disc  close  to  the  Sun. 


"  VULCAN,"  THE  MYSTERY  PLANET. 
About  the  middle  of  the  Ninetecuth  Century  much  excitement  was  created  in  the  astronomical  world  by  the  announcement 
that  a  dark  body,  of  planetary  appearance,  had  been  seen  in  transit  across  the  Sun's  disc.  Attenjpts  were  made  to  calcnilate 
the  orbit  of  the  supposed  new  planet,  which  many  astronomers  seriously  believed  to  exist  within  the  orbit  of  Mercury. 
However,  it  has  never  been  seen  since  its  first  announcement,  and  it  is  generally  believed  by  astronomers  to  be  non-existent. 
During  the  past  fifty  years  the  Sun  has  been  photographed  almost  daily,  but  no  dark  celestial  body,  other  than  the   usual 

solar  spots,  has  ever  been  found  on  the  plates. 
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Of  recent  years  no  fresh  incidents 
have  transpired  to  corroborate  the  exist- 
ence of  Vulcan,  and  as  a  natural  conse- 
quence the  belief  that  such  a  planet  has 
any  objective  reality  has  been  generally 
abandoned.  It  could  not  possibly  have 
escaped  all  the  observations  of  late 
years.  Vulcan,  therefore,  in  the  absence 
of  any  further  evidence,  must  be  regarded 
as  a  planet  of  fiction  rather  than  of  fact. 
The  theory  of  his  existence  was  built  up 
on  doubtful  and  imperfect  observations, 
which  were  never  entitled  to  much 
weight.  They  have  now  been  con- 
clusively negatived,  and  in  the  future  the 
story  will  be  regarded  as  one  of  the 
temporary  romances  or  myths  of  Astro- 
nomy, like  the  satellite  of  Venus,  the 
active  volcanoes  on  the  Moon,  and  the 
double  canals  on  Mars. 

Any  mystery  that  may  have  been 
attached  to  the  above  objects  has  long 
since  been  removed,  for  they  were  all 
easily  explained  as  due  to  errors  of 
observation  or  of  judgment.  A  French- 
man, Dr.  Lescarbault,  was  chiefly  respon- 
sible for  the  aflirmative  belief  in  the 
hypothetical  Vulcan,  for  it  was  his 
observation  of  the  object,  on  March  26, 
1859,  which  led  Le  Verrier  to  work  out 
its  orbit  and  assume  its  existence.  The 
credit,  however,  merited  by  Lescarbault 
as  an  observing  astronomer,  can  be  estimated  when  it  is  stated  that  he  announced  to  the  Academy 
of  Sciences  that,  on  the  night  of  January  11,  1891,  he  discovered  a  bright  body  in  Leo,  which  he 
concluded  to  be  a  new  star  or  one  suddenly  increased  in  brilliancy.  The  "  new  star,"  however,  proved 
to  be  the  ancient  planet  Saturn  ! 

Mercury. — The  discovery  of  Mercury  dates  so  far  back  into  antiquity  that  no  record  has  been 
handed  down  as  to  the  name  or  country  of  the  individual  who  effected  it.  Great  credit  is  attached 
to  the  feat,  for  it  needed  acute  vision,  a  comprehensive  knowledge  of  the  stars,  and  a  discerning  mind. 
It  seems  very  probable  that,  when  the  planet  was  first  observed  alternately  in  the  morning  and  evening 
twilight,  it  was  supposed  that  two  different  objects  were  involved.  The  similarity  of  aspect  and 
regularity  of  the  apparitions, must  soon  however  have  afforded  unmistakable  evidence  that  one  and 
the  same  body  was  concerned  in  producing  them.  What  a  thrill  of  pleasure  the  first  observer  must 
have  experienced,  after  all  his  watchings,  in  realising  the  novelty  and  importance  of  his  discovery  ! 
And  how  intensely  interested  others  must  have  been  in  corroborating  it  as  the  sparkling  little  planet 
shone  out  morning  after  morning  or  evening  after  evening  and  unfolded  to  willing  eyes  the  true  story 
of  its  existence.  Possibly  one  of  the  Chaldean  shepherds  was  the  happy  discoverer,  but  the  world 
has  no  historical  account  of  it  and,  though  we  can  applaud  the  feat  accomplished,  we  cannot  honour 
the  name  of  the  individual. 

Observations  of  Mercury  date  back  to  the  year  26.5  before  the  Christian  era,  but  there  is  an  earlier 


THE  V.\RIOUS  PHASES  OF  VENUS. 
We  never  obtain  a  satisfactory  view  of  the  surface  of  Venus  when  she 
is  at  her  least  distance  from  us,  for  at  such  times  she  turns  very  little 
of  her  illummated  side  towards  us,  appearing  ae  an  exceedingly  slender 
crescent  (as  at  4  in  the  illustration).  When  she  appears  fully  illuminated 
(as  at  1)  she  is  more  than  six  times  as  far  away.  Consequently  our 
best  views  are  obtained  at  eiK)chs  corresponding  to  phases  2  and  3, 
when  the  planet  is  half  illuminated  or  appears  as  a  thick  crescent. 
She  is  at  her  brightest  between  the  phases  i  and  3,  and  then  casts 
distinct  shadows  on  a  bright  surface  at  night. 
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record  in  which  the  chief  astronomer  at  Xineveh  mentions  the  planet  in  a  report  he  made  to  the  King 
of  Assyria. 

The  celerity  of  movement  of  this  planet  caused  him  to  be  known  to  the  ancients  as  "The  swift- 
winged  messenger  of  the  gods."  This  was  not  the  only  appellation  given  to  ^Mercury,  for  his  fitful 
lustre,  when  visible  to  the  naked  eye,  amidst  the  dense  and  often  disturbed  atmosphere  near  the 
horizon,  led  the  Greeks  to  call  him  "  The  strongly  sparkhng  one." 

This  is  the  nearest  known  planet  to  the  Sun,  his  mean  distance  from  that  orb  being  35,958,000 
miles,  sidereal  period  of  revolution  eighty-eight  days,  and  real  diameter  3,008  miles. 

Mercury  can  only  be  observed  by  the  naked  eye  about  the  time  when  he  reaches  his  greatest 
apparent  elongation  from  the  Sun,  west  or  east,  and  this  never  exceeds  twenty-eight  and  a  quarter 
degrees.  -•Xt  such  times  the  planet  either  rises  or  sets  about  two  hours  before  or  after  the  Sun.  In 
the    spring    months    of    the 


year  the  elongations  are 
favourable  for  viewing  him 
as  an  evening  star,  and 
in  autumnal  mornings  he 
may  be  equally  well  dis- 
cerned as  a  morning  star. 
At  such  times,  since  his 
declination  is  north  of  the 
Sun,  he  remains  above  the 
horizon  in  the  absence  of 
that  luminary  for  longer 
periods  than  at  other  times, 
when  his  declination  is 
south.  He  sometimes 
appears  to  be  brighter  than 
a  star  of  the  first  magni- 
tude, and  is  really  a  con- 
spicuous object  to  the  naked 
eye.  His  position,  how- 
ever, being  near  the  horizon 
and  involved  in  twilight,  he 
shines  with  a  sparkling, 
ruddy  lustre,  scintillating  in 
somewhat  similar  fashion  to 
that  of  the  stars. 

In  the  English  climate. 
Mercury  may  be  seen  with 
the  unaided  eye  on  about 
fifteen  occasions  annually, 
but  much  depends  upon  the 
atmospheric  conditions  pre- 
vailing at  those  special 
periods  when  the  planet 
occupies  the  best  position 
for  observation. 

It  has  been  said  of  Co- 
pernicus, who  was  the 
greatest  astronomer  of  the 
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Frnii  '■  I'lii-  Hi^art'ii^  iiiii  tluir  Story"  by  A.  and  W.  Maunder.]     [By  permission  of  the  Epnorth  Press, 

CI,OUD-LIKE  JL\RKINGS  ON  VENUS. 
Large  bright  patches,  similar  to  those  depicted  above,  are  very  often  observed  on  Venus. 
They  have  been  attributed,  with  considerable  probability,  to  masses  of  cloud  floating 
in  the  planet's  atmosphere.  Variations  in  their  shape,  size  and  position  seem  to  confirm 
this  explanation.  The  remainder  of  the  surface  of  Venus  is  only  a  little  less  bright  than 
the  white  patches,  but,  to  brmg  out  the  latter,  it  is  necessar>-  on  a  drawuig  to  exaggerate 
its  duskiness.     These  drawings  were  made  at  the  Bothkamp  Observatory. 
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Sixteenth  Century,  that  he  never  caught  a  glimpse  of  Mercury  though  he  liad  frequently  endeavoured 
to  do  so.  The  suggestion  has  been  made  that  a  probable  cause  of  the  failure  existed  in  the  fogs  which 
arose  from  the  river  Vistula,  running  near  Thorn,  where  Copernicus  resided.  The  whole  incident, 
however,  has  been  regarded  as  a  mere  legend,  or  in  any  case  to  have  resulted  from  misconception  of 
the  writings  of  Copernicus. 

One  of  the  first  observational  feats  attempted  by  astronomical  beginners  is  to  catch  a  glimpse  of 
Mercury.     His  position  and  times  of  rising  and  setting  can  be  found  from  an  almanac,  and  if  the 

would-be  observer  looks  in  the  right 
direction  at  the  correct  time,  and  with  a 
clear  atmosphere  near  the  horizon,  the 
fitful  lustre  of  the  little  planet  will 
probably  be  soon  detected.  The  picture 
will  afford  the  beholder  a  peculiar  satis- 
faction and  prove  an  incentive  to  attain 
further  successes. 

This  planet  is  considered  by  many 
observers  to  be  involved  in  a  dense 
atmosphere,  which  obscures  his  actual 
surface  markings  and  shelters  his  land- 
scape from  the  intense  heat  of  the  Sun. 
Telescopic  power  reveals  certain  features 
on  the  apparent  disc,  but  they  consist  of 
faint,  irregularly  shaped,  dusky  spots 
and  white  areas,  which  are  probably 
existent  in  the  outer  limits  of  his  at- 
mosphere, and  have  no  durable 
characters.  At  any  rate  observers  have 
not  been  able  to  chart  the  features  on 
the  disc  with  the  same  certainty  and 
accuracy  in  regard  to  the  chief  details, 
as  they  have  attained  in  regard  to  Mars. 
In  fact  the  visible  aspect  of  Mercury 
appears  to  be  of  a  different  nature  and 
to  represent,  similarly  to  that  of  Venus, 
the  phenomena  of  an  active  vaporous 
envelope. 

The  position  of  Mercury  near  the  Sun 
is  very  unfavourable  for  the  telescopic 
study  of  the  planet's  markings.  He  is 
seldom  to  be  examined  to  advantage, 
and  especially  with  magnifiers  sufficiently 
high  for  the  purposes  required,  for  with 
every  increase  of'^ower  definition  suffers 
owing  to  atmospheric  disturbances  and 
telescopic  imperfections.  The  rotation  period  of  Mercury  is  not  known  with  certainty  but  it  is  probably 
about  twenty-five  hours.  Observations  by  Schroter,  in  about  1800,  indicated  the  period  as  twenty-four 
hours  four  minutes.  Other  observers  have  approximately  corroborated  this  value.  Schiaparelli 
however  concluded,  from  his  study  of  the  planet  in  the  years  1882  to  1889,  that  the  rotation  was 
performed  in  the  same  period  as  the  planet  revolved  around  the  Sun,  viz.,  eighty-seven  days  twenty- 
three  hours.     This  meant  that  the  planet  always  turned  the  same  hemisphere  towards  the  Sun, 


March  30,  6ik.  March  31,  6ih.  AprU5,e\h. 

Drawing  by\  [W.  F.  Denning. 

VENUS,  1881. 
More  often  than  not,  Venus  appears  almost  completely  devoid  of 
(markings.  Occasionally,  however,  faint  dusky  patches  and  bright  areas 
are  seen,  and  these  can  sometimes  be  identified  with  fair  certainty 
(as  in  the  drawings  above)  night  after  night.  They  appear,  however, 
to  be  of  a  temporary  nature,  alid  are  not  surely  recognisable  after 
long  periods. 


TRANSITS  OF  VENUS  IN  THE  NINETEENTH  CENTURY. 
Owing  to  the  fact  that  the  path  or  orbit  of  Venus  round  the  Sun  is  considerably  tilted  with  regard  to  the  plane  of  the  Earth's 
revolution,  it  seldom  happens  that  Venus  passes  directly  between  us  and  the  Sun.  Generally  she  passes  well  above  or  below 
the  latter.  Transits,  when  they  do  take  place,  occur  in  pairs,  with  eight  years  between  each  transit.  There  is  then  an  interval 
of  either  105J  or  121J  years.  Thus  only  two  transits  occturred  in  the  Nineteenth  Century,  in  1874  and  1882,  and  the  next  pair 
ate  due  respectively  in  2004  and  2012.     At  each  transit,  as  shown  in  the  illustration,  Venus  passes  across  a  different  portion 

of  the  Sun's  disc. 
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APPEARANCE   OF  VENUS  WHEN  NEAR 
'  AND    FAR  AWAY. 

Venus,  when  nearest  the  Earth,  turns  chiefly  her 
dark  side  towards  us,  appearing  as  a  thin  crescent. 
When  at  her  farthest,  she  shows  us  the  whole  of  her 
illiuninated  face,  but  her  apparent  diameter  is  greatly 
reduced. 


similarly  as  the  Moon  does  to  the  Earth.     The  whole 

matter  of  the  planet's  rotation,  however,  is  doubtful. 
Mercury   requires  further   careful   observation   at 

periods  when  he  is  sufficiently  distant  from  the  Sun 

to  be  satisfactorily  viewed.     It  will  be  an  important 

object  accomplished  when  the  rotation  period  of  both 

Mercury  and  Venus  are  found  on  evidence  beyond 

disputation. 

Mercury  being  a  little  planet,  and  even  less  in  magni- 
tude than  the  third  satellite  of  Jupiter,   presents  a 

small  disc  for  scrutiny,  apparently  varying,  according 

to  distance,  between  five  and  thirteen  seconds  of  arc. 

When  nearest  to  the  Earth  (at  inferior  conjunction) 

he  is  invisible,  his  illuminated  surface  being  turned 

away  from  us,  but  when  farthest  from  the  Earth  (at 

superior  conjunction)   he  presents  a  circular,   though 

very  small,  disc.     In  the  course  of  a  revolution  he 

presents  to  us  all  the  phases  of  the  Moon,  and  these  are 

observable  with  the  help  of  a  telescope.     In  fact,  the  phases  of  the  planet,  especially  when  crescented, 

form  the  most  attractive  aspect  under  which  he  can  appear.     Mercury  was  called  after  a  celebrated 

god  of,  antiquity,  whom  the  Greeks  termed  Hermes.      He  was  said  not  only  to  be  the  messenger 

of  the  gods,  but  also  the  patron  of  travellers.      He  is  usually  represented  with  a  wing,  cap  and 

sandals,  and  as  carrying  a  wand  around  which  two  serpents  are  entwined.      He  was  armed  with  a 

short  sword. 

Without  an  atmosphere  Mercury  would  be  scarcely  habitable  owing  to  the  intense  heat  of  the  Sun, 

for  it  must  exceed  that  received  by  the  Earth  in  the  proportion  of  seven  to  one.      If  Ufe  however 

is  maintained  on  the  planet  it  would  be  specially  adapted  to  the  conditions  prevailing  there. 

Transits  of  the  planet  across  the  disc  of  the  Sun 
occur  on  an  average  once  in  six  years,  and  they  afford 
interesting   opportunities   for   the    telescopic   observer. 
They  take  place  at  inferior  conjunction  with  the  Sun 
when  the  planet  passes  directly  between  the  Sun  and 
Earth  from  east  to  west.     They  do  not  happen  at  every 
conjunction  because  the  inclinations  of  the  orbits  of 
Mercury  and  the  Earth  are  such  as  to  allow  Mercury 
to  pass  a  little  above  or  below  the  solar  disc.     The  posi- 
tions of  the  planet  are  sometimes  favourable  in  May  and 
November  for  the  occurrence  of  transits,  and  they  never 
take  place  in  any  other  months  of  the  year.     The  follow- 
ing are  the  dates  of  the  transits  which  will  occur  during 
the  present  century  : — 
1924         ..         May     7 
1927         ..         Nov.    8 
1937         ..         May  10 
1940         ..         Nov.  12 
1953         . .         Nov.  13 
During  transit  Mercury  is  observable  as  a  small,  round, 
black  spot  on  the  Sun,  and  some  curious  details  have 
been  noted.     A  small,  white  spot  has  been  seen  on  the 
planet  and  a  luminous  aureole  has  apparently  surrounded 


CONJUNCTION  OF  VENUS  AND  SATURN, 
1845,  DEC.  19. 
On  rare  occasions  two  planets  are  seen  so  nearly 
in  the  saine  direction  in  the  Heavens  (though  at 
very  different  distances)  as  to  be  visible  in  the 
same  telescopic  field.  On  such  occasions  the 
colour,  shape,  size  and  brightness  of  the  two  are 
very  readily  compared.  When  Venus  is  one  of  the 
pair,  she  is  always  seen  to  be  incomparably  the 
brighter  and  whiter  of  the  two. 
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it.  The  spot  has,  however,  been  disputed,  and  there  is  a  singular  want  of  harmony  in  the  observational 
testimony.  The  aureole,  the  reality  of  which  is  also  doubtful,  has  been  explained  on  the  assumption 
that  the  planet  has  a  perceptible  atmosphere.     The  central  spot  is  probably  a  mere  optical  effect. 

The  conditions  regulating  the  visible  displays  of  Mercury  as  a  morning  and  evening  star  are 
repeated  every  thirteen  years  (after  fifty-four  revolutions)  at  nearly  the  same  times  as  before.  Thus 
the  evening  elongation  on  May  5,  1923,  will  have  a  repetition  a  few  days  later  in  May,  1936.  Mercury, 
being  situated  so  near  to  the  Sun,  ought  to  appear  much  brighter  than  he  does  if  his  atmosphere 
possessed  the  same  capacity  for  reflection  as  that  of  certain  other  planets.  The  albedo,  or  reflective 
power,  of  Mercury  is  rated  at  only  seventeen,  while  the  value  for  Venus  and  Jupiter  is  about  sixty-five, 
and  that  of  clouds  seventy-two.  Apart  from  the  changing  phases  of  the  planet,  the  state  of  our 
atmosphere  and  the  intensity  of  the  twilight  involving  his  position,  bring  about  material  variations 
in  his  apparent  lustre.     In  a  February  or  March  sky  he  usually  appears  much  brighter  than  in  the 


THE  EARTH  AND  SIERCURY  COMPARED. 

Mercury  is  considerably  less  than  half  the  diameter  of  the  Earth.     He  is  quite  the  smallest  of  the  major  planets  and  is  about 

the  size  of  the  largest  satellites  of  Jupiter  and  Saturn.     Gravity  at  the  surface  of  Mercury  is  about  a  quarter  of  what  it  is  on 

Earth,  so  that  a  terrestrial  poiuid  of  sugar  would  weigh  only  four  ounces  on  the  smaller  planet. 


Strong  twilight  of  May  or  June.  At  the  best  times  he  has  shone  with  nearly  equivalent  lustre  to 
Jupiter,  but  the  far  greater  steadiness  of  the  rays  from  the  Jovian  orb  is  always  very  marked.  Under 
normal  conditions  he  becomes  within  reach  of  a  good  eye  about  half  an  hour  after  sunset,  and  shines 
most  strongly  (when  the  western  quarter  is  clear  right  down  to  the  horizon)  about  the  same  interval 
before  he  sets. 

There  are  times,  however,  when  a  rapidly  narrowing  crescented  phase  may  so  enfeeble  his  light 
that  he  may  be  detected  with  difficulty,  though  he  remains  above  the  horizon  some  two  hours  after 
the  Sun. 

Mercury  has  never  been  studied  sufficiently  under  telescopic  power  and  at  times  best  suitable  for 
the  detection  of  his  surface  markings.     There  is  here  a  very  valuable  piece  of  observational  work 
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awaiting  some  capable  student.  It  is  chiefly  amateurs  who  investigate  the  physical  aspect  of  the 
planets,  and  they  should  specially  direct  their  attention  to  Mercury  and  the  determination  of  his 
rotation  period.  This  important  element  might  be  found  for  all  time  if  a  spot  could  be  seen,  clearly 
and  definitely,  on  the  planet's  disc,  its  position  recorded  and  a  few  subsequent  views  obtained  of  the 
same  object.  If  it  remained  stationary,  then  the  long  period  alleged  by  Schiaparelli  and  other  observers 
would  be  proved,  but  a  rapid  motion  of  the  spot  would  uphold  the  shorter  time,  and  show  that  not 
only  Mercury,  but  Venus  also  by  inference,  rotated  in  periods  not  essentially  differing  from  those 
of  the  outer  planets.  A  marking  which  would  aid  the  solution  of  the  problem  might  present  itself  at 
any  time.     Saturn,  after  many  years  of   apparently  tolerable  quiescence,  exhibited,  in  June  1903, 


from  «  Drawing  by] 


THE  MORNING  ZODIACAL  I<IGHT. 


[If.  F.  Denning. 


The  observation  here  illustrated  was  made  before  dawn  at  Bristol  on  December  3,  1916.  The  I,ight  was  noted  as  being 
imusually  bright,  though  the  atmospheric  conditions  were  far  from  perfect.  This  would  tend  to  support  the  theory  that 
real  changes  of  brilliancy  occur  in  the  Zodiacal  Light.     More  often  such  apparent  changes  are  directly  attributable  to 

alterations  in  the  transparency  of  our  slcies. 


a  very  disturbed  condition  of  surface,  and  large  white  and  dark  spots  appeared  in  the  northern 
hemisphere.  These  soon  indicated  a  rotation  period  about  twenty-three  minutes  longer  than  the 
previous  determinations  of  Herschel  (1793)  and  Hall  (1876-7).  Similarly  the  atmosphere  of  Mercury 
may  become  sufficiently  active  to  present  the  necessary  features  and  the  disc  should  be  carefully 
watched  when  the  planet  is  high  in  the  daytime,  for  low  altitude  means  bad  definition. 

Mercury  may  not  be,  in  himself,  one  of  the  more  splendid  objects  in  nature,  but  he  often  forms 
one  of  the  chief  brilliants  in  real  sky  pictures  of  charming  character.     When  occasionally  visible  in 
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the  twilight  glow,  the  crescent  of  the  Moon  and  possibly  Venus  or  another  planet  may  be  near,  and 
compose  an  interesting  and  striking  group  for  contemplation. 

Venus. — This  planet  was  appropriately  known  to  the  ancients  as  the  "  Goddess  of  Beauty,"  and 
never  was  a  title  more  justly  merited,  for  Venus  has  a  silvery  splendour  all  her  own  and  without  a 
parallel  among  the  other  planetary  orbs  of  the  Solar  System.  Jupiter  may  shine  with  his  strong, 
pale-yellow  light,  and  Mars,  when  favourably  placed,  may  emit  a  brilliant,  fiery-red  lustre,  but  neither 
of  these  objects  can  compare  with  the  refulgent  beauties  of  Venus.  She  forms  a  resplendent  picture 
either  in  the  morning's  dawn,  heralding  the  Sun  in  his  rising  glory,  or  in  the  evening's  twilight,  lingering 
over  the  glow  where  he  has  just  set  amid  gilded  clouds. 


From  a  Drawing  by]  [W.  F.  Denning. 

THE  EVENING  ZODIACAL  LIGHT. 

The  Zodiacal  Light  is  here  shown  as  observed  in  Bristol  in  the  month  of  March.      It  is  in  the  early  spring  that  the  best  views 

of  the  Evening  Light  are  secured,  since  the  Sun's  path,  or   ecliptic  (in  which  the  Light  appears)  is  then  well  raised  above 

the  mists  and  smoke  of  the  horizon.      For  a  similar  reason  the  Morning  Light  is  best  seen  in  autumn. 


There  is  perhaps  no  more  beautiful  scene  than  a  sunset  with  Venus  "  the  evening  star,"  and  gorgeous 
cloud  scenery  enveloping  all  the  western  sky.  At  such  times  the  pageant  of  Nature  forms  a  deeply 
attractive  and  impressive  spectacle.  Sometimes  the  crescent  of  the  young  Moon  adds  a  charming 
effect,  and  we  may  contemplate  the  deepening  hues  and  changing  tints  until  the  dusky  shades  of 
night  silently  draw  their  veil  and  display  a  myriad  starry  brilliants  in  the  blue  heavens. 

Among  the  more  entertaining  observations  suitable  to  the  unaided  eye  the  monthly  conjunctions 
of  Venus  with  the  Moon  and  her  occasional  approaches  to  other  planets  may  be  regarded  as  taking 
a  foremost  place.     These  occurrences  are  given  in  Whitakcr's  Almanack  and  other  annual  publications 
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TRAXSITS  OK  MERSURY. 

Mercurj-  j>a35cs  between  the  Earth  and  the  Sun  much 

more  frequently  than  does  Venus.     Transits  occur,  on 

the  average,  about  ever>'  six  years.     They  always  take 

place  either  in  May  or  November. 


tively  to  the  stars)  224-7  days, 
of  arc.  When  near  inferior 
conjunction  {i.e.,  in  a  part  oi 
her  orbit  between  the  Earth 
and  the  Sun),  and  compara- 
tively near  the  Earth,  she  is 
in  the  form  of  a  narrow  crescent 
and  presents  an  attractive 
aspect,  looking  as  she  does  like 
a  bright,  silvery  bow  in  the 
blue  sk}-.  This  effect  is,  how- 
ever, only  to  be  seen  in  a  tele- 
scope, though  it.  has  been 
alleged  that  the  crescented 
outline  has  been  detected  with 
the  naked  eye  ;  but  this  needs 
confirmation. 

The  elongations  or  apparent 
distances  of  Venus  from  the 
Sun  vary  to  a  small  extent,  and 
usually  amount  to  about  forty- 
five  or  forty-seven  degrees. 
^\^len  the  eastern  elongatfcns 
occur  in  the  spring  months 
and  the  planet  is  very  favour- 
ably visible  as  an  evening  star, 
her  position  being  north  of  the 
Sun's  place,  she  sets  about  four 
and  a  half  hours  after  the  Sun. 
Similarly  her  morning  (western) 


^;^  of  similar  character,  so  that  an  intending  observer 

A  ,  -  '  will  always  find  the  date  and  time  given,  and  may 

easily   witness   such   of   these   events   as   occur   in 
clear  weather. 

This  planet  is  frequently  visible  in  the  daytime 
when  the  atmosphere  is  suitable  and  the  sky  is 
of  a  deep  blue  colour.  A  person  of  ordinary  sight 
and  knowing  the  position  of  the  planet  can  often 
see  her  without  difficulty  with  the  unaided  vision 
even  at  noonday.  Venus  has  often  been  mistaken 
for  a  new  and  brilliant  star,  or  for  some  special 
celestial  object,  by  persons  not  well  acquainted  with 
Astronomy.  Her  astonishing  brilliancy  misled  many 
people  during  the  trying  period  of  the  Great  War 
to  suspect  that  she  was  suspended  in  the  sky  as  a 
signal,  and  many  an.xious  enquiries  were  made  as 
to  her  identity. 

Venus  is  situated  at  a  mean  distance   from   the 

Sun  of  67,200,000  miles,  her  real  diameter  is  7,480 

miles,  and  sidereal  period  of  revolution  {i.e.,  rela- 

Her  apparent  diameter  varies  between  eleven  and  sixty-seven  seconds 


HALI,EV'S  METHOD  OK  KINUINCx  THE  SUN'S  DISTANCE. 
If  a  tra:isit  of  Venus  is  observed  simultaneously  from  two  points,  A  and  B,  on 
the  Earth,  the  planet  will  appear  to  follow  slightly  different  paths  across  the  Sun's 
disc.  The  two  places  have  to  be  chosen  as  far  apart  in  a  north-south  direction  as 
possible,  and  from  the  apparent  distance  lictween  the  observed  paths  and  the  known 
distance   between  the  two  jilaces  we  can  calculate  the  size  of  the  Earth's   orbit. 
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elongations,  during  the  latter  half  of  the  year,  are  very  favourable  for  observations  either  with  the 
naked  eye  or  telescope.  Her  maximum  brightness  is  attained  at  a  period  of  thirty-six  days  either 
before  or  after  inferior  conjunction,  when  her  disc  is  about  one-fourth  illuminated  and  the  diameter 
of  the  crescent  about  forty  seconds  of  arc.  At  intervals  of  eight  years  (thirteen  revolutions)  the 
conditions  favouring  the  visi- 
bility of  Venus  return  at 
nearly  the  same  dates  as 
before.  The  difference  is  one 
amounting  to  only  two  days, 
as  the  following  comparison 
will  show  ; — ■ 

Eastern  Western 

Year.  Elongation.  Elongation. 
1900  April  28  September  17 
1908  April  26  September  14 
1916  April  24  September  12 
1924  April  22  September  10 
The  planet  will  repeat  her 
brilliantly  favourable  appari- 
tions in  1932,  1940,  1948,  1956, 
and  in  years  subsequent  to 
those  mentioned  consistently 
with  the  cycle  of  eight  years. 
In  some  seasons  Venus  is 
practically  missing,  and  fails 
to  ornament  our  sky.  How- 
ever, even  during  unfavourable 
years  she  may  be  occasionally 
glimpsed  near  the  horizon, 
but  on  such  occasions  her 
position  is  so  involved  in  the 
strong  twilight  that  her  lustre 
appears  much  moderated,  and 
she  is  not  the  same  brilliant, 
queenly  orb  as  when  she 
shines  under  the  best  con- 
ditions. 

As  a  telescopic  object  it 
must  be  confessed  that  Venus 
is  disappointing.  Her  lustrous 
aspect  encourages  an  expecta- 
tion which  is  far  from  being 
realised.  The  white  disc, 
free  from  obvious  detail,  such 
as  that  which  diversifies  Mars 
and  Jupiter,  does  not  call  for 
interested  study,  though,  if  the 
planet  be  crescented,  the  picture  is  a  very  attractive  one  and  gratifies  the  eye.  The  student  however  is 
apt  to  tire  of  a  similarity  of  aspect.  It  is  the  study  of  detail  and  of  changes  in  the  forms  and  motions 
of  features  which  so  pleasantly  maintains  the  interest  in  planetary  work  and  furnishes  results  which 


VENUS  AND  THE  EARTH. 
This  diagram  (which  is  not  to  scale)  shows  roughly  how  the  orbits  of  Venus  and 
the  Eartii  are  situated  with  regard  to  one  another.  Strictly  speaking,  Venus  should 
be  nearly  three-quarters  of  the  way  from  the  Sun  to  the  Earth.  The  two  planets, 
Venus  and  Mercury,  both  have  orbits  that  lie  withm  that  of  the  Earth,  and  they  are 
known  as  "  inferior  "  (that  is,  interior)  planets. 
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are  important.  In  this 
respect  Venus  may  not 
apparently  take  a  lead- 
ing place,  although  the 
keen  observer  may  al- 
ways find  something 
to  allure  investigation. 
Schroter's  mountains 
may  not  present  them- 
selves, but  there  will 
probably  be  the  dusky 
areas,  brightness  of  the 
horns  and  margin  of 
the  disc,  and,  possibly, 
slight  unevenness  along 
the  curve  of  the  ter- 
minator or  line  of  sun- 
rise or  sunset  on  the 
planet's  surface.  In- 
dentations are  some- 
times noticed  as  though 
depressions  actually 
existed,  either  atmos- 
pheric or  otherwise. 

Some  of  the  mark- 
ings seen  or  imagined 
to  exist  on  Venus  have 
certainly  been  illusions; 
others  have  received 
the  corroboration  nec- 
essary to  remove  every 
possible  doubt  as  to 
their  objective  reality. 
One  instance  of  a  re- 
liable observation  was 
made  on  February  13, 
1913,  by  McEwen  of 
Glasgow  and  Sarigent  of 
Bristol,  who  simultane- 
ously detected  a  very 
obvious  and  rather  deep 
indentation  in  the 
terminator  of  the 
planet.  Faint,  cloudy 
and  indefinite  markings 
have      certainly     been 

sometimes  traced  on  the  planet's  disc,  and  they  appear  to  be  slight  inequalities  of  tone  in  the  atmosphere 
rather  than  real  features  on  the  surface.  They  apparently  cover  extensive  areas  and  have  eluded  the 
scrutiny  of  some  of  the  best  observers.  Schroter  saw  them  at  the  end  of  the  Nineteenth  Century, 
but  his  great  contemporary,  William  Hcrschel,  failed  to  perceive  anything,  and  expressed  himself 


From]  ["  L'AstroHomic." 

VEXUS  OCCUI,TED  BY  THE  MOON,  1921,  JUI,Y  2. 
The  hiding  of  one  celestial  body  by  another  is  known  technically  as  an  "  occultation."  In 
this  picture  we  hiive  photographs  ilUistrating  two  stages  in  the  occultation  of  Venus  by  the 
Moon,  1921,  July  2.  The  Moon  is  to  the  left  of  each  photograph,  and  the  scale  is  so  large 
that  only  a  portion  of  the  whole  crescent  is  included.  \"enus  was  about  half-illtuninated  at 
the  time,  and  appeared  intrinsicall)'  very  much  brighter  than  the  Moon,  as  is  shown  on  the 
photographs.  This  picture  is  upside  down  as  compared  with  the  small  drawing  showing 
both  objects  in  the  morning  sky. 


THE    TRANSIT    OF    VKNUS. 
The  transit  of  Venus  across  the  Sun's  disc,   which  took  place  in  1874,  was  the  first  that  had  occurred  for  over  a  century. 
Excitement  over  the  event  was  not  confined  to  scientific  circles,  but  appears  to  have  extended  to  many  not  ordinarily  concerned 
with  the  phenomena  of  Astronomy.    The  picture  reproduced  above  (showing  the  goddess  Venus  about  to  pass  in  front  of 
the  chariot  of  the  Sun-god,  Phoebus),  represents  an  attempt  by  a  French  artist  to  give  an  allegorical  interpretation  to  the  evenL 


EXPLANATION  OF  THE  PHASES  OK  MERCURY. 
Jlercurj'.  like  the  Earth  and  all  the  other  planets,  has  a  bright  and  a  dark  side,  since  it  depends  entirely  on  the  Sun  for  its 
light.  An  observer  on  the  Sun  would  see  only  the  illuminated  side,  so  that  the  planet  would  always  appear  "  full."  On  the 
other  hand,  an  observer  situated  outside  the  orbit  of  Mercury  (as  we  on  the  Ivarth)  would  see  at  different  times  very  different 
proportions  of  the  bright  side,  and  sometimes  even  none  at  all.  On  the  diagram,  the  inner  circle  shows  the  true  state  of 
affairs,  while  just  outside  are  the  corresponding  appearances  of  Mercury  as  seen  from  the  Earth. 
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strongly  as  to  their  non-existence.  Dawes  and  others,  in  more  modern  times,  supported  the  negative 
view  of  Herschel,  but  on  the  other  side  so  many  observers  have  ghmpsed  the  dusky  areas  that  they 
cannot  be  rejected  as  illusions  due  to  imagination. 

The  feebly  outlined  markings  often  seen  on  Venus  certainly  do  not  require  a  large  telescope  to 
show  them.  Though  this  is  a  small  planet  of  about  the  same  dimensions  as  the  Earth,  her  apparent 
size  is  large  as  she  approaches  near  to  us,  and  sometimes  equals  one  minute  of  arc.  With  moderate 
magnifying  power,  therefore,  her  disc  is  fairly  expansive,  and  any  conspicuous  features  presented 
on  it  ought  to  be  easily  recognised.     It  is  perhaps  a  curious  fact  that  some  observers  looking  at  Venus 


From  a  Drawing  by]  [W .  H.  Steavenson, 

THE    ZODIACAI<    BAND,     1916,    r'BBRUARY    5, 
Under  good  conditions  a  faint  narrow  extension  of  the  Zodiacal  Light  can  be  traced  for  some  distance  beyond  the  "apex"  of 
the  bright  cone  of  the  Light.     It  has,  on  occasion,  been  traced  completely  round  the  Heavens  to  its  junction  with  the  apex  of 
the  "  morning  "  cone.    This  faint  extension  is  generally  known  as  the  Zodiacal  Band.   It  is  seldom  observed  in  this  country. 


with  three-  or  four-inch  telescopes  have  remarked  spots,  whereas  observers  with  much  larger,  and 
presumably  more  effective  instruments,  have  quite  failed  to  perceive  them.  An  explanation  may 
partly  lie  in  the  fact  that  a  large  glass  produces  such  a  brilliant  image  that  feeble  details  like  the 
faint,  dusky  areas  on  Venus  are  practically  obliterated  in  the  glare.  More  than  one  student  of  planetary 
markings  have  tried  the  experiment  of  comparing  a  fairly  large  and  small  telescope  side  by  side  on 
the  markings  of  Venus,  and  the  result  has  been  that  in  the  smaller  instrument  the  features  have 
appeared  to  be  more  obvious  than  in  the  larger  one. 

It  has  been  argued  that  this  result  really  proves  that  small  telescopes  have  insufficient  grasp  to 
deal  effectively  and  reliably  with  planetary  markings,  and  that  the  comparatively  faint  images  are 


204 


Splendour  of  the  Heavens 


liable  to  produce  false  impressions.  This  however  is 
not  at  all  certain,  and  the  problem  remains  unsolved, 
though  we  may  naturally  expect  more  reliable  work 
with  large  apertures.  As  bearing  on  the  point  an 
observation  and  drawing  of  Venus  made  on  May 
29,  1889,  may  be  mentioned.  The  well-known 
observer,  Barnard,  wrote  that  dark  markings  seem 
undoubtedly  to  e.xist  on  the  planet,  and  that  he 
never  afterwards  had  such  perfect  conditions  to 
observe  Venus,  adding  that  a  twelve-inch  equatorial 
at  the  Lick  Observatory  was  found  to  be  superior 
to  the  thirty-six  inch  for  viewing  this  difficult 
object. 

Schroter,  in  1789,  found  the  rotation  period  of 
the  planet  to  be  23  hours  21  minutes  798  seconds 
from  the  dusky  spots,  and  J.  D.  Cassini  had  arrived 
at  a  nearly  similar  period  forty  years  before,  viz., 
23  hours  20  minutes  55  seconds.  Later  observers 
have  approximately  corroborated  the  results  men- 
tioned, but  Schiaparelli  concluded  that  Venus,  hke 
Mercury,  rotates  in  the  same  period  as  she  revolves 
round  the  Sun,  viz.,  224  days  16  hours  49  minutes. 
The  latter  period  was  arrived  at  after  an  elaborate 
discussion  of  existing  data,  and  after  a  telescopic 
study  of  the  planet  by  the  author  of  it,  and  it  appears 
to  have  received  corroboration  from  a  few  other 
astronomers.  There  is  however  a  large  amount 
of  evidence  opposed  to  it,  and  it  must  be  confessed 


[W.  F.  Denning. 


.  1006,  .\ug.  30,  17h.  15m.  Sept.  1,  18h.  10m. 

Drawing  by] 

MARKINGS  ON  MERCURY. 

This  is  an  instance  in  which  the  same  markings  on  Mercury  were  identified  with 

reasonable  certainty  on  two  separate  occasions.     Their  movement  on  the  disc  appeared 

inconsistent  with  a  very  long  period  of  rotation.     .•Vs  often  observed,  one  cusp  of  the 

crescent  appeared  more  blunt  than  the  other. 


1.    Molesworth  18!'8,  June  2.  2.     Brtnner  1896,  Ma>  ». 

3.     Molesworth  1898,  April  2.  4.     Molcswortll  1898,  April  8. 

.SOME  VIEWS  OF  MERCURY. 
Owing  to  his  low  altitude  near  sunset  or  sunrise.  Mercury 
is  not  so  well  seen  then  as  in  the  full  daylight  when  he  is 
high  in  the  sky.  A  good  telescope  will  then  reveal  faint 
dusky  markings  that  are  not  always  easy  of  identification 
over  long  intervals.  Moreover,  observers  differ  greaUy 
in  their  portrayal  of  the  markings  and  we  still  lack  a 
reliable  map  of  the  planet's  surface. 


that  the  actual  rotation 
period  of  Venus,  like  that  of 
Mercury,  is  one  of  the  un- 
solved problems  of  Astro- 
nomy. 

Sir  John  Herschel  con- 
sidered Venus  a  difficult 
object  and  a  critical  test  of 
definition.  He  remarked 
that  the  intense  lustre  of 
her  illuminated  part  dazzles- 
the  sight  and  exaggerates 
every  imperfection  of  the 
telescope.  He  rightly  con- 
cluded that  we  cannot  dis- 
cern the  real  surface  of  the 
planet  but  only  its  cloud- 
laden  atmosphere. 

The  first  observer  to 
examine  Venus  and  discover 
her  phases  was   Galileo   in, 


t*-!  Jh  -ti    c3 
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1610,  and  in  1643  Fontana  detected  irregularities  along  the  inner  edge  of  the  crescent,  while  in  1645 
he  saw  a  dark  spot  on  the  disc.  Cassini,  in  1666,  October,  saw  a  bright  spot  near  the  inner  edge  on 
the  northern  limb  and  also  two  dark  spots  of  extreme  faintness.  He  made  further  observations  and 
watched  the  markings  over  sufficiently  lengthy  intervals  to  note  changes  in  their  position. 

Flammarion  made  a  pretty  exhaustive  review  of  observations  of  Venus,  and  published  his  con- 
clusions in  1897.  He  found  many  discordances  in  the  results,  in  fact  the  contradictions  were  of  such 
a  nature  that  no  safe  and  certain  conclusions  could  be  derived  from  them.  He  gave  the  observers 
credit  for  having  doubtless  done  their  best,  and  attributed  their  want  of  harmony  to  "  personal 
equation,"  and  to  the  difficulties  inseparable  from  the  research. 


From  a^Orawing  by^ 


IW.  H,  SteavensoH, 


THE   COUXTER-GI.OW,    OBSERVED   AT   ASHTEAD,    1916,    FEBRUARY    5. 


The  faint  oval  patch  of  hazy  light  in  the  centre  of  the  picture  is  known  as  the  Counter-Glow,  or  Gegenschein.  It  is  sometimes 
to  be  seen  on  very  dark  dear  nights  by  observers  of  sensitive  vision.  It  always  occupies  the  portion  of  the  sky  exacUy  opposite 
to  the  Sun,  and  is  believed  to  be  intimately  connected  with  the  Zodiacal  Light.     It  is  much  fainter  than  the  latter,  and  is 

not  often  observed  in  England. 


The  spectroscopic  method  has  been  tried  as  a  means  of  determining  the  rotation  period  of  Venus, 
but  it  appears  to  have  given  results  which  are  not  consistent,  and  the  question  is  still  left  an  open  one. 

The  atmosphere  of  Venus  is  probably  of  great  density,  and  this  seems  obvious  on  evidence  of 
a  convincing  character.  The  planet  occulted  a  star  in  Gemini,  July  1910,  and  it  w^  noticed  by  critical 
observation  that  at  disappearance  the  light  of  the  star  declined  during  two  andit^^^f  seconds,  and  at 
reappearance  its  increase  occupied  one  and  three-quarter  seconds,  vyfaereas  had  the  planet  possessed 
a  sharply-cut  boundary  like  the  Moon  the  star's  lustre  would  have  vanished  and  returned  instantaneously 
as  during  a  lunar  occultation.  It  was  computed  from  the  phenomena  observed  in  1910  that  the 
atmosphere  involving  Venus  must  reach  an  altitude  of  seventy  miles.  The  ring  of  light  sometimes 
apparent  around  Venus  when  in  transit  across  the  Sun  finds  an  easy  explanation  as  an  atmospheric  effect. 
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Mercury  and  Venus  are  termed  inferior  planets,  their  orbits  being  nearer  to  the  Sun  than  the 
Earth's.  They  are  considered  to  be  the  least  interesting  for  telescopic  observation,  for  apart  from 
their  phases  they  present  no  very  conspicuous  details  or  spots  of  changeable  forms  and  dimensions. 

The  markings  on  Mercury,  however,  appear  to  be  plainer  and  more  definite  than  those  of  Venus, 
and  to  offer  a  better  prospect  to  observers  for  the  investigation  of  the  rotation  period  and  physical 
condition  of  the  planet. 

Mars,  Jupiter,  and  Saturn,  on  the  other  hand,  are  known  as  superior  planets,  and  they  individually 
exhibit  highly  interesting  features  for  study  when  viewed  under  telescopic  power.  The  other  superior 
planets,  Uranus  and  Neptune,  form  a  different  class,  being  situated  at  enormous  distances,  and 
apparently  they  are  of  feeble  light  and  small  dimensions  as  viewed  from  our  remote  standpoint. 

For  observing  the  markings  on  Venus  the  best  time  is  in  daylight,  for  the  planet  shines  with 
almost  dazzling  splendour  on  a  dark  or  nearly  dark  sky,  and  under  such  conditions  telescopic 
definition  is  apt  to  suffer.     In  strong  twilight,  or  when  the  Sun  is  a  little  above  the  horizon,  views 


From  Draivings]  [By  SchrSlcr. 

DIFFERENT    ASPECTS    OF    MERCURY. 
These  drawings,  made  by  Schroter  at  the  end  of  the  Eighteenth  Century,  give  an  excellent  general  idea  of  what  is  seen  when 
a  telescope  of  moderate  power  is  directed  towards  Mercurj'.    The  "  cusps  "  of  the  crescent,  unlike  those  of  Venus,  are  often 
heavily  shaded,  producing  an  effect  of  "  blunting  "  at  first  sight.    A  similar  soft  shading  is  also  present  along  the  terminator, 

which  marks  the  region  of  sunrise  or  sunset. 

of  this  planet  are  frequently  very  sharp,  and  delicate  features  are  more  easily  recognised  than  at  any 
other  period.  Her  full  lustre  is  apt  to  exaggerate  telescopic  defects  and  to  reveal  want  of  achromatism 
in  any  but  the  very  best  lenses.  In  the  day-time  the  intensity  of  the  light  is  toned  down  in  suitable 
degree.  Mercury,  too,  is  often  seen  to  advantage  in  a  light  sky  and  the  same  may  be  said  of  tlie 
planets  Mars  and  Jupiter,  the  details  of  which  come  out  more  keenly  and  often  with  livid  distinctness 
about  an  hour,  or  half  an  hour,  after  sunrise  or  before  sunset.  The  various  planets  may  be  readily 
found  in  the  day-time,  even  when  the  mounting  of  the  telescope  is  merely  an  alt-azimuth  stand,  if 
the  observer  knows  the  approximate  place  of  the  object,  and  uses  an  eyepiece  of  low  power  and 
large  field. 

When  visible  as  a  morning  star,  Venus  was  known  to  the  ancient  Greeks  as  Phosphorus  or  Lucifer, 
and  when  seen  as  an  evening  star  was  called  Hesperus  or  Vesperus. 

Venus  has  occasionally  displayed  the  "  ashy  light  "  or  Lumiere  Cendree,  which  is  so  often  remarked 
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on  the  dark  part  of  the  Moon  when  she  is  thinly  crescented.  The  fact  has  been  well  asserted  though 
not  always  satisfactorily  seen  even  at  such  times  as  all  the  conditions  favoured  its  presentation.  The 
shimmering  of  the  unilluminated  part  of  the  disc  has  been,  moreover,  corroborated  by  special 
observations  and  is  now  one  of  the  established  details  of  the  planet's  features.  No  doubt  circumstances 
affect  its  visibility,  and  apparently  induce  variations  in  its  aspect  and  tone,  but  the  peculiarity  lies 
beyond  disputation  and  has  been  recognised  by  many  observers  employing  different  classes  and 
sizes  of  telescopes  under  different  conditions.  It  is  due  to  changes  in  the  atmosphere  of  Venus 
which  may  not  always  be  equally  reflective  nor  similarly  illuminated  from  exterior  sources. 

The  phases  of  Venus  have  not  always  been  precisely  conformable  with  calculation,  and  this  is 
suggestive  of  marked  differences  in  the  height  of  certain  areas.     There  may  be  extensive  hollows 

and  mounds  in  the  outer 
layer,  giving  rise  to  the  ob- 
served irregularities,  such  as 
faint  shadings,  an  uneven 
terminator  and  differences 
in  the  cusps.  It  might  also 
cause  that  feebly  mottled 
appearance  which  has  been 
strongly  suspected  by  certain 
observers  at  various  periods. 
Venus  as  the  abode  of 
living  creatures  has  some- 
times formed  an  alluring  sub- 
ject of  discussion  in  works 
dealing  with  a  plurality  of 
worlds.  It  is  a  question, 
however,  that  does  not  admit 
of  settlement.  Probabilities, 
possibilities,  and  analogies 
may  be  referred  to  in  detail, 
and  inferences  deduced  from 
them,  but  our  insufficient 
knowledge  fails  to  conduct 
us  to  safe  and  certain  con- 
clusions. 

We  are  too  apt  to  regard 

our  own  experiences  and  the 

conditions  of  our  own  globe  as 

typical  of  the  state  of  things 

existing  or  necessarily  existing 

on  other  planets,  but  this  is 

a  faulty  presumption  which 

can  only  lead  us  astray.     The  other  planets  of  the  Solar  System  are  each  one  regulated  and  influenced 

by  many  circumstances  of  different  character,  and  if  life  is  sustained  on  various  other  orbs  it  is  consistent 

with  and  suitably  adapted  to  the  conditions  under  which  it  is  maintained. 

Mercury  and  Venus,  so  near  the  Sun,  may  well  be  able  to  withstand  the  great  light  and  heat, 
sheltered  and  veiled,  as  their  surfaces  are,  by  dense  atmospheric  canopies.  On  the  other  hand, 
Uranus  and  Neptune  may  be  inhabited  by  animate  beings  able  to  thrive  amid  the  cold  and  dark 
surroundings  which  are  supposed  to  exist  at  such  immense  distances  from  the  Sun.  Forming  inferences 
from  analogies  we  may  reasonably  conclude  that  our  own  little  Earth  is  not  the  only  orb  favoured 


THE  DARK  SIDE  OF  VENUS. 
When  Venus  appears  to  us  as  a  narrow  crescent  the  "  horns  "  of  the  latter  are  seen 
to  extend  beyond  a  half-circle.  This  is  due  in  part  to  the  great  apparent  size  of  the 
Sun's  disc  as  seen  from  Venus  and  in  part  to  the  bending  of  light  by  the  planet's 
atmosphere.  At  such  times  the  whole  of  the  disc  of  Venus  has  been  dimly  seen, 
like  the  "  Old  Moon  in  the  New  Moon's  Arms."  Some  astronomers  have  considered 
this  appearance  an  illusion,  but  the  weight  of  evidence  is  in  favour  of  its  reality. 


By  H.  SepPings  Wrtn'it 

A   LANDSCAPE   ON  THE    MOON. 

Here  the  Earth  is  shown  in  the  Heavens  as  it  would  appear  from  its  satellite,  the  Moon.  It  would  be  visible  as  a  fjlobe  four  times  as  lar^e  as 
the  moon  appears  to  us;  probably  not  quite  so  bri^iht,  except  in  the  clouded  portions,  but  shaded  in  various  tones  indicative  of  land,  water 
and  ve^ietation.  The  earth  would  pass  through  phases  as  the  moon  does  but  in  the  inverse  direction.  There  being  no  appreciable  ;itmosphere 
the  moon's  sky  would  be  quite  black,  the  stars  beinj4  visible  at  all  times.  The  sun  would  present  a  most  splendid  spectacle  ;  the  Corona  and 
the  large  red  prominences  which  we  only  see  during  the  short  time  of  an  Eclipse  of  the  Sun  would  also  be  constantly  in  evidence. 


Drawing  by]  [Scriven  BoUon. 

A  RECENT  THEORY  OF  THE  ROTATION  OF  VENUS. 
In  January  1921,  Professor  W.  H.  Pickering  observed  on- Venus  a  series  of  large  dark  patches.  These  appeared  to  move  in 
a  direction  nearly  at  right  angles  to  that  in  which  the  planet  had  generally  been  assumed  to  rotate.  Professor  Pickering's 
conclusion  was  that  the  axis  of  the  planet  lay  nearly  in  the  plane  of  its  orbit  round  the  Sun,  and  that  a  complete  rotation 
occupied  sixty-eight  hours.  Unfortunately  the  dusky  patches,  which  were  probably  an  effect  of  the  atmosphere  of  Venus, 
disappeared  after  a  few  days,  and  no  verification  of  the  new  theory  has  been  possible. 
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From  Bulletin  of  [Lowell  Observatory. 

IS  THERE  OXYGEN  ON  VENUS? 
Here  we  have  a  spectroscopic  comparison  of  the  light  of  Venus  and  the  Sun,  to  both  of  which  is  added  equally  the 
absorbing  effects  of  gases  in  our  own  atmosphere.  The  lines  marked  B  and  A  are  due  to  oxygen  and  water- vapour 
respectively.  If  these  substances  were  present  in  the  outer  parts  of  the  atmosphere  of  Venus  we  should  expect 
to  find  their  lines  more  marked  in  the  planet's  spectrum  than  in  that  of  the  Sun.  In  actual  fact,  no  such  enhance- 
ment is  observed,  but  this  does  not  preclude  the  possible  existence  of  oxygen  and  water-vapour  at  lower  levels  in 

the  planet's  atmosphere. 

with  intelligent  beings.  Certain  planets  may  not  yet  have  reached  the  habitable  stage,  while  others, 
like  the  Moon,  may  have  passed  it.  It  seems  likely  that  the  larger  planets  become  habitable  after 
longer  periods,  as  they  require  more  time  for  developments  than  the  smaller  ones.  The  worlds  of 
space,  like  individual  creatures,  have  their  youth,  maturity,  and  old  age. 

Venus  possesses  no  satellite,  though  one  was  thought  to  have  been  discovered  by  several  observers, 
chiefly  in  the  Seventeenth  Century.  The  supposed  moon  was  confidently  asserted  to  exist  for  a 
secondary  orb,  in  which  the  phase  of  Venus  had  its  duplication,  sometimes  appeared  close  to  that 
planet  and  apparently  accompanied  her  in  her  orbit.  The  alleged  discovery  aroused  great  interest 
and  disputation,  for  there  were  many  observers  who  failed  to  perceive  any  satellite  though  every 
effort  had  been  made  to  find  the  elusive  object. 

The  passage  of  time  eventually  settled  the  problem  for  it  brought  no  further  evidence  of  a  satellite. 
The  great  modern  telescopes  and  all  the  observational  talent  of  the  Nineteenth  Century  failed  to 

reveal  the  supposed  moon  to 
Venus.  So  it  has  been  finally 
put  on  one  side,  and  its  explana- 
tion is  that  it  was  one  of  the 
mythical  objects  seen  in  the 
faulty  telescopes  and  by  the 
imperfect  observations  of  past 
generations.  No  doubt  the 
satellite  was  either  a  bordering 
star  or  a  spectral  appearance  or 
false  image  brought  into  being 
by  imperfect  instrumental  ad- 
justment.  The  Gregorian 
reflectors  were  occasionally  apt 
to  induce  double  reflections 
either  by  the  mirrors  or  eye- 
pieces, and  observers,  keen  and 
ever  alert  in  seeking  for  new 
•J  HI,  at.m().si'iii:kjc  of  vexus.  objects,   might  well  be  allured 

When  Venus  passes  between  liarth  and  Sun  she  is  seen  to  be  surrounded  by  a  bright  Jjj(.q   false   presumptions   by   the 

ring  of  soft  Ught.      This  is,  perhaps,  the  best  proof  we  have  of  the  existence  of  an  r      ■■  ■  n    j    j 

atmosphere  enveloping  the  planet.  ■  fictitious  creations  alluded  to. 
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As  already  explained  in  Chapter  II,  observations  of  Venus  when  she  is  projected  as  a  dark  spot 
in  transit  across  the  Sun,  and  her  apparent  track  measured  from  two  different  stations,  enable  the 
Sun's  distance  to  be  ascertained.  This  was  originally  found  by  Encke  in  1824  from  observations 
made  during  the  transits  of  1761  and  1769  to  be  about  93,000,000  miles.  The  value  was  accepted 
for  more  than  a  generation  until  Hansen,  in  1854,  and  Le  Verrier,  a  few  years  later,  reinvestigated 
the  problem,  and  concluded  the  distance  to  be  decidedly  too  great. 

The  transits  in  1874  and  1882  afforded  corroboration  of  the  smaller  distance,  but  other  and 
preferable  methods  had  been  adopted,  and  Gill,  in  1877,  from  observations  of  Mars,  deduced  a  distance 
of  93,080,000  miles.  The  .best  and  latest  determination,  however,  is  that  of  Hinks  in  1910,  from 
observations  of  the  minor  jSlanet  Eros,  which  approaches  the  Earth  nearer  than  the  planets  VenuS 
or  Mars,|and  this  gave  the  dist&nce  of  the  Sun  as  92,830,000  miles.  Astronomers  regard  this  element 
as  of  high  importance,  because  it  is  a  fundamental  or  basic  one  on  which  our  knowledge  of  the  distances, 
dimensions,  &c.,  of  the  bodies  composing  our  Solar  System  depends.     It  is  therefore  very  satisfactory 


Nov.   5'.   18h..49ni.  Nov.   6,   18h    55ii.  Nov.  8,   19h.  30tn. 

Drawing  by]  [W.  F.  Denning. 

MERCURY    IX     1881. 
For  many  reasons  Mercury  is  a  dilTicult  object   for  telescopic  study,  but,  under  favourable  conditions, 
markings  are  definitely  observable  on  his  surface.      They  generally  take  the   form  of  dusky  bands  or 
patches,  but  can  seldom  be  seen  and  identified  often  enough  to  give  a  reliable  value  of  the  planet's  rotation. 

to  realise  that  it  has  now  been  worked  out  in  a  very  accurate  manner  and  that  it  admits  of  very  little 
if  any  correction.  Transits  of  Venus  occur  at  regular  intervals  of  8-121J,  8-lOoJ,  8-121J  years,  et  seq. 
The  dates  of  some  past  and  future  transits  are : — 

Dec.   6,1631  Dec.  8,1874  Dec.   10,2117 

Dec.   4,  1639  Dec.  6,  1882  Dec.     8,  2125 

June  6,  1701  June  8,  2004  June  11,  2247 

June  3,  1769  June  6,  2012  June    8,  22.55 

There  are  certain  naked  eye  observations  which  offer  special  attractions  to  celestial  students, 

and  particularly  to  that  class  not  possessing  telescopes  to  aid  natural  vision.     To  see  Venus  in 

sunshine  is  one  of  these  ;   looking  for  the  crescent  of  Venus  is  another,  and  these  may  be  dismissed 

with  the  remark  that  the  former  feat  is  easily  attainable,  while  the  latter  is  beyond  the  capability 

of  the  naked  eye.     Among  interesting  telescopic  observations  may  be  mentioned  a  view  of  Venus 

when  she  is  in  inferior  conjunction.     At  such  times  her  whole  disc  has  occasionally  been  perceived 
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in  a  good  telescope,  and  the  phenomenon  has  been  termed  "  the  phosphorescence  of  the  dark  side." 
The  fact  of  its  visibility  has  been  disputed  but  negative  evidence,  though  it  often  supplies  a  necessary 
corrective,  is  not  always  dependable.  Corroborative  evidence  has  lately  been  furnished  by  almost 
simultaneous  observations  of  the  phenomenon  by  Mr.  Sargent  at  the  Durham  Observatory  in  1922, 
and  by  Professor  Duncan  of  the  Whitin  Observatory,  Welles^ey,  Ross's.,  on  the  following  day,  when 
"  the  planet  was  easily  seen  as  a  complete  ring  of  light."  The  old  controversy  relating  to  the  alleged 
satellite  of  Venus  is  hardly  likely  to  come  prominently  to  the  front  again,  and  the  observations  of 
Schroter,  indicating  mountains  about  twenty  miles  in  height,  will  scarcely  be  duplicated  with  modern 


THE  BRIGHT  "  HORNS  "  OF  VENUS. 

When  Venus  appears  either  as  a  half-moon  or  a  thick  crescent,  the  telescope  often  reveals  to  us  a  well-defined  white  patch 
at  either  "  cusp."  It  has  been  suggested  that  these  white  patches  may  actually  be  the  snow-coverefl  polar  regions  of  the 
planet,  reflecting  the  sunlight  more  strongly  than  other  parts  of  her  surface.  The  white  dotted  lines  represent  the 
unilluminated  portions  of  these  assumed  [wlar  snows.  Some  astronomers  have  attributed  the  white  patches  to  "  phase 
effects,"  that  is,  appearances  produced  by  the  angle  at  which  the  sunlight  falls  on  different  parts  of  the  planet. 
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telescopes,  though  history  has  a  peculiar  tendency  to  repeat  itself  even  in  the  sphere  of  Astronom  y. 
Observers  of  this  planet  must  be  cautious  in  discriminating  between  real  and  illusory  objects  and 
appearances  when  examining  so  brilliant  an  object  after  dark,  for  double  reflection,  flare,  &c.,  are 
easily  formed,  and  the  judgment  may  readily  err  unless  proper  precautions  are  taken  and  suitable 
tests  applied. 


M' 


CHAPTER    V. 

THE    EARTH-MOON    SYSTEM. 

By  a.  C.  D.  Crommelin,  B.A.,  D.Sc,  F.R.A.S. 

Y  task  in  this  chapter  is  to  describe  the  little  system  that  is  made  up  of  two  bodies,  the  Earth 
and  Moon,  each  influencing  and  influenced  by  the  other  in  many  ways.  There  is  no  other 
system  within  our  knowledge  that  closely  resembles  it.    The  mass  of  the  Earth  is  eighty-one 

times  that  of  the  Moon, 
whereas  in  all  the  other 
satellite  systems  the  mass 
of  the  planet  is  thousands 
of  times  as  great  as  that 
of  its  largest  attendant. 

When  men  learnt  that 
the  place  of  our  Earth  in 
the  universe  was  a  less 
central  and  important  one 
than  they  had  previously 
imagined,  it  must  have 
been  some  solace  to  their 
pride  to  reaUse  that  there 
was  still  one  faithful  orb 
that  continued  to  own 
obedience  to  the  Earth's 
sway.  This  orb  was  also 
by  far  the  most  useful  to 
man  of  all  the  heavenly 
orbs  after  the  Sun.  As 
the  lesser  of  the  "  two 
great  lights "  it  served 
periodically  to  lighten  the 
darkness  of  night  ;  while 
its  monthly  changes  of  form,  combined  with  the  annual  march  of  the  seasons,  gave  those  two  important 
measures  of  time,  the  month  and  the  year.  The  function  of  a  tide-raiser,  which  we  now  regard  as  the 
most  important  of  the  Moon's  functions,  was  slow  in  being  recognised,  since  early  navigation  was 
chiefly  confined  to  the  almost  tideless  Mediterranean. 

The  Moon  is  our  nearest  neighbour  among  the  heavenly  bodies  ;  its  average  distance  is  239,000 
miles,  thirty  times  the  diameter  of  the  Earth,  and  but  nine  times  its  circumference.  Its  distance 
can  be  found  very  accurately  by  observing  it  at  the  same  time  at  distant  stations,  such  as  Greenwich 
and  the  Cape  of  Good  Hope.  It  is  possible  to  find  the  distance  from  measures  made  at  a  single  station, 
some  when  the  Moon  is  low  down  in  the  sky,  others  when  it  is  high  up  ;  this  involves  a  knowledge  of 
the  Moon's  motion  between  the  observations  ;  but  it  was  not  too  difficult  for  the  ancient  Greeks, 
who  obtained  an  estimate  of  the  distance  quite  close  to  the  truth. 


From]  ["  VAstronomie." 

VENUS  AND  THE  MOON,   1921,  JUI,Y  2. 

Conjunctions  of  Venus  and  the  Moon,  especially  when  the  latter  is  in  the  crescent  phase, 
always  form  an  attractive  spectacle.  At  such  conjunctions  the.  Moon  generally  passes 
above  or  below  the  planet,  but  on  this  occasion,  shorUy  after  this  drawing  was  made, 
our  satellite  passed  directly  in  front  of  Venus,  hiding  her  from  view  for  over  an  hour. 
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The  following  is  a  rough  outline  sketch  of  a  process  by  which  the  distance  may  be  found.  It 
was  noted  in  the  eclipse  of  the  Sun  of  April  1912  that  both  Sun  and  Moon  appeared  of  the  same  size, 
and  that  while  one-twelfth  of  the  Sun  remained  uncovered  in  London,  the  Moon  just  covered  the 
Sun  in  Paris.  Thus  motion  through  200  miles  sufficed  to  shift  the  Moon  through  one-twelfth  of  her 
diameter.  This  gives  the  rough  value  2,400  miles  for  the  Moon's  diameter  ;  it  is  not  very  far  from 
the  true  value— 2,160  miles.  When  we  know  the  true  size  of  the  Moon,  its  distance  follows  at  once ; 
we  can  put  a  small  disc,  such  as  a  coin,  in  a  slot  on  a  rod,  and  find  the  distance  at  which  the  coin  just 
covers  the  Moon.  This  proves  to  be  111  times  the  width  of  the  coin.  Multiply  the  diameter,  2,160 
miles,  by  the  same  number,  and  we  get  the  distance  as  239,000  miles.  Another  very  ingenious  way  of 
finding  the  distance  was  used  by  the  ancients  ;  they  knew  that  the  Sun  appeared  to  be  half  a  degree 
in  diameter,  and  hence  they  saw  that  the  edges  of  the  Earth's  shadow  must  slope  inward,  making 
angles  of  a  quarter  of  a  degree  with  the  axis  of  the  shadow.  If  then  they  observed  the  size  of  the 
Earth's  shadow  where  the  Moon  crossed  it  in  lunar  eclipses,  they  could  calculate  the  Moon's  distance. 

It  was  ne.xt  found  that 
the  Moon's  distance  is  not 
constant,  but  alternately 
increases  and  diminishes  by 
some  13,000  miles  above  or 
below  the  average  value. 
Also  it  moves  quicker  when 
near  the  Earth  than  when 
far  from  it.  The  next  step 
was  to  compare  its  path 
among  the  stars  with  that 
of  the  Sun .  The  latter  path 
has  long  been  accurately 
known,  and  the  name  Ec- 
liptic has  been  given  to  it 
(probably  because  eclipses 
can  only  happen  when  the 
Moon  is  quite  close  to  it). 
It  was  found  that  the 
Moon's  path  does  not  co- 
incide with  the  Sun's,  but 
makes  an  angle  of  more 
than  five  degrees  with 
it.  (This  is  the  angle 
between  the  stars  Castor 
and  PoUu.x  in  the  Twins,  or  between  the  two  pointer-stars  in  the  Great  Bear.) 

Half  of  the  Moon's  path  lies  to  the  north  of  the  ecliptic,  the  other  half  to  the  south  ;  there  are 
two  crossing  points,  now  known  as  the  nodes,  but  in  earlier  times  called  by  the  fanciful  titles  of  the 
"  Dragon's  Head  "  and  the  "  Dragon's  Tail."  These  names  were  probably  derived  from  the  myth 
that  in  eclipses  the  luminary  affected  was  being  devoured  by  a  dragon  ;  various  ceremonies  were 
enacted  in  the  hope  of  driving  this  evil  beast  away,  and  the  reappearance  of  the  orb  was  hailed  as 
a  victory  for  these  rites. 

.\s  soon  as  eclipses  began  to  be  noted  with  care,  it  was  seen  that  they  are  liable  to  happen  at  two 
seasons  of  the  year  about  six  months  apart  (the  times  when  the  Sun  is  passing  the  two  nodes),  and 
further  that  these  seasons  do  not  recur  at  the  same  time  in  successive  years,  but  gradually  get  earlier. 
For  example,  in  1919  there  were  eclipses  in  May  and  November,  in  1923  they  occur  in  March  and 
September,  while  in  1927  the  latter  season  will  have  gone  back  to  June,  giving,  in  fact,  the  British 


From  "  Astronomy  for  All  "]  ^Ijy  pcrnti\.'.wn  of  Messrs.  Casseli  &  Co.,  Lid. 

CEREMONIES  AMONG    THE    PERUVIAN   NATIVES   AT   AN   ECUPSE. 

In  former  times  it  was  often  imagined  that  eclipses  were  caused  by  some  malign  being, 

such  as  a  dragon,  devouring  the  luminary ;    various  ceremonies  were  performed  in  the 

hope  of  driving  away  the  evil  influence.     It  is  one  of  the  advantages  of  astronomical 

knowledge  that  we  can  contemplate  these  grand  observances  without  panic. 
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total  solar  eclipse  of  June  29,  1927.  This  persistent  regression  of  the  eclipse  seasons  implies  that 
the  plane  or  level  in  which  the  Moon  travels  round  the  Earth  is  constantly  shifting  ;  the  nodes  or 
crossing  points  go  right  round  the  sky  in  eighteen  and  a  half  years.  This  shift  is  one  of  the  many 
disturbances  which  the  Sun  produces  in  the  Moon's  motion  round  the  Earth.  If  only  two  orbs  existed, 
the  path  of  one  round  the  other  would  be  a  simple  ellipse,  always  keeping  in  the  same  position.  But 
if  a  third  orb  is  introduced,  this  simplicity  is  destroyed,  and  various  changes  take  place  in  the  orbit. 
For  example,  the  Sun's  dis- 
turbing action  causes  the  long 
axis  of  the  Moon's  orbit  to 
move  forward,  making  an 
entire  circuit  in  eight  years  and 
ten  months.  The  amount  of 
eccentricity  also  changes.  It 
is  greatest  when  the  long  axis 
points  towards  the  Sun  or  in 
the  opposite  direction  ;  it  then 
amounts  to  one-fifteenth  ;  it 
is  smallest  when  the  long  axis 
points  square  to  the  Sun's 
direction,  being  then  one- 
twenty-third.  The  amount  of 
tilt  of  the  Moon's  orbit  to  the 
ecliptic  is  also  varying ',  it  is 
greatest  when  the  Sun  is  at 
either  node,  amounting  to 
5°  18'.  It  falls  to  5°  0'  when 
the  Sun  is  mid-way  between 
the  nodes.  We  shall  refer  to 
one  or  two  other  disturbances 
produced  by  the  Sun  ;  actually 
many  hundreds  of  them  are 
known,  which  makes  the  cal- 
culation of  the  Moon's  motion 
an  extremely  complex  matter. 
To  return  to  the  backward 
motion  of  the  nodes,  without 
introducing  mathematics,  it  is 
not  difficult  to  see  that  there  is 
a  tendency  on  the  part  of  the 
Sun  to  pull  the  Moon  down 
into  the  plane  in  which  the 
Earth  is  moving  ;  but  the  fact 
of  the  Moon's  continual  motion 
prevents  the  plane  of  her  orbit 
from  being  forced  down  into 

the  ecliptic  ;  what  happens  is  that  the  Moon  reaches  the  plane  of  the  ecliptic  a  little  sooner  than  it 
would  do  if  the  Sun  were  not  acting  ;  in  other  words,  the  node  is  made  to  move  backwards  to  meet  the 
Moon.  The  action  goes  on  month  after  month  in  the  same  direction,  the  result  being  a  backward 
movement  of  the  nodes  of  nineteen  and  a  half  degrees  per  year.  Each  time  that  the  Sun  passes  either 
node  (that  is  at  intervals  of  slightly  under  six  months)  there  must  be  at  least  one  eclipse,  and  there 


[by  the  Abbe  Moreux. 
PATH  OF  THE  MOON'S  SHADOW  IN  THE  ECI^IPSE  OF  APRII,  17,  1912. 
People  on  the  dark  line  through  Brazil,  Spain,  France,  Germany,  Russia,  saw  the 
Moon  cover  the  Sim  centrally ;  those  for  some  distance  on  each  side  of  this  line  saw 
a  partial  eclipse  ;  the  shading  in  the  picture  exaggerates  the  slight  gloom  of  these 
regions,  which  diminishes  as  we  pass  from  the  central  line. 
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[By  Lucien  Rudaux. 
VIEW  FROM  THE  SUN  OF  THE  ECLIPSE  OF  APRII,   17,   1912. 
An  observer  at  the  middle  of  the  Sun  woxild  have  seen  the  Moon  pass  in  front  of  the  Earth  ;    the  regions  behind  the  Moon's 
centre  would  see  a  central  eclipse,  those  behind  the  rest  of  the  Moon  a  partial  one. 


may  be  three ;  in  the  latter  case  the  middle  one  of  the  three  is  a  total  lunar  eclipse,  preceded  and 
followed,  a  fortnight  earlier  and  later,  by  partial  solar  ones.  It  is  possible  to  have  three  similar  eclipses 
at  the  other  node,  just  under  six  months  later  ;  the  beginning  of  a  third  eclipse  season  may  fall  in 
the  same  calendar  year,  owing  to  the  backward  movement  of  the  node  ;  we  thus  get  the  maximum 
possible  number  of  eclipses  in  a  year  to  be  seven :  they  must  be  either  five  solar,  two  lunar ;  or  four 
solar,  three  lunar.  Seven  eclipses  in  a  year  is  a  very  rare  occurrence  ;  it  occurred  in  1917,  and  will 
happen  again  in  1935. 

The  least  number  of  eclipses  in  a  year  is  two,  both  central  solar  ones  ;  as  a  rule  one  of  them  is  total, 
the  other  annular  ;  the  latter  eclipse  happens  when  the  Moon  covers  up  the  Sun  centrally,  but  being 
in  the  farther  part  of  her  orbit,  it  does  not  look  large  enough  to  hide  the  whole  of  it ;  a  ring  (Latin 
annulus)  of  sunlight  remains  visible  round  the  dark  Moon. 

Annular  eclipses  happen  rather  more  frequently  than  total  ones,  but  they  are  much  less  important, 
adding  very  little  to  our  knowledge  of  solar  physics ;  total  eclipses,  on  the  other  hand,  afford  the 
only  opportunity  of  studying  the  faint  outer  appendages  of  the  Sun,  and  expeditions  have  been  sent 

to  distant  places  to  enjoy 
the  brief  minutes  of  total- 
ity (the  maximum  length 
possible  is  seven  and  three- 
quarter  minutes).  Photo- 
graphic methods  are  used 
almost  exclusively,  giving 
much  more  reliable  results 
than  hurried  visual  ones. 
Total  lunar  eclipses, 
though  less  important  than 
solar  ones,  are  extremely 
beautiful  phenomena.  In- 
stead of  its  usual  silvery 
light,  the  Moon's  orb  ap- 
pears of  a  lurid,  coppery 
_     ,  hue.     It  must  be  remem- 

FroM]  [••  Knowledge,"   Vol  XXVI. 

THE  PATHS  OF  JUPITER'S  MOONS.  bcrcd   that   the   Moon   is 

This  picture  (drawn  by  C.  T.  Whitmell)  shows  how  greatly  the  movements  of    other  then  wholly  in  the  Earth's 

satellites  differ  from  that  of  our  Moon  ;  as  the  Figure  on  page  221  shows,  it  is  always  con- 

cave  to  the  Sun  ;   those  of  Jupiter's  moons  are  notably  convex  to  the  Sun  at  New  Jloon.  shadow,      and      no     direct 
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I'HASIvS  OF  THE  MOON. 
The  Moon  is  a  dark  body  that  shines  by  reflected  light  from  the  Sun  ;  half  of  it  is  bright,  and  halt  dark  ;  when  nearly  between 
Earth  and  Sun,  the  dark  side  is  towards  us,  and  the  Moon  invisible.  As  it  moves  on  we  see  a  little  of  the  bright  side,  shaped 
like  a  crescent.  WTien  it  has  gone  a  quarter  of  the  way  roimd,  we  see  it  half  lit  up  ;  as  it  moves  on  we  see  more  of  the  bright 
portion,  the  name  Gibbous  being  used  when  it  is  more  than  half  FuU  ;  when  almost  opposite  to  the  Sun  we  see  the  whole  bright 
side  (FuU  Moon)  except  when  it  enters  the  Earth's  shadow  and  is  eclipsed  ;  from  Full  to  New  the  changes  repeat  themselves  in 

the  reverse  order. 
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sunlight  can  reach  it.  The  light  that  does  reach  it  is  bent  or  refracted  by  the  lower  layers  of  the 
Earth's  atmosphere  ;  it  appears  red  for  the  same  reason  that  the  setting  Sun  does.  It  was  shown  in 
the  chapter  on  Light  that  sunlight  consists  of  various  waves  of  different  lengths.  The  short  violet 
rays  are  the  ones  most  easily  stopped  by  any  obstruction,  such  as  thick  air,  while  the  long  red  waves 
have  more  penetrating  power.  Now,  the  light  that  passes  through  the  atmosphere  to  reach  the  eclipsed 
Moon  has  to  make  a  double  journey  through  our  air,  first  coming  from  its  outer  layers  down  near  the 
Earth's  surface,  and  then  passing  out  again.  Hence  it  is  still  more  effectively  reddened  than  the 
setting  Sun. 

Mr.  L.  Richardson,  who  has  made  a  careful  study  of  lunar  eclipses,  finds  that  it  is  only  the  lower 
strata  of  our  atmosphere  that  are  effective  in  transmitting  light  to  the  echpsed  Moon ;    now  these 


From  "  Knowledge  "'[  [A.   C.  D.  Crommelin, 

PATHS  OF  EARTH  AND  MOON  ROUND  SUN. 
The  Sun's  pull  on  the  Moon  is  more  than  double  the  Earth's  pull.  Consequently  the  Moon's  path  is  always  concave  to  the 
Sun.  It  is,  however,  much  more  nearly  straight  at  New  Moon  than  at  Full ;  it  would  be  exactly  straight  at  New  if  the 
Moon  were  at  two-tliirds  of  its  actual  distance  (see  lower  diagram).  The  upper  diagram  shows  the  motion  from  Full  to  New, 
that  is,  for  about  fifteen  days  ;  the  interval  between  the  successive  positions  shown  is  one  and  a  quarter  days.  The  whole  of  the 
Moon's  path  may  be  mapped  out  by  simple  repetition  of  the  above  diagram  (alternately  forwards  and  backwards)  about 

.  twenty -five  times. 

strata  are  liable  to  be  rendered  opaque  by  widespread  cloud  or  haze  ;  the  amount  of  light  seen  on  the 
eclipsed  Moon  gives  a  most  useful  idea  of  the  general  state  of  clearness  of  our  atmosphere.  One  of 
the  darkest  eclipses  on  record,  that  of  October  1884,  came  at  a  time  when  the  air  was  known  to  be 
full  of  fine  dust  from  the  Krakatoa  eruption  of  1883. 

There  is  a  remarkable  cycle,  known  as  the  Saros,  after  which  eclipses  recur  with  an  almost  exact 
reproduction  of  their  details.  Its  length  is  223  lunations,  amounting  to  eighteen  years  and  eleven 
and  one-third  days  when  four  leap-days  intervene,  and  a  day  less  when  five  leap-days  intervene. 
It  is  connected  with  the  eighteen  and  a  half  years  in  which  the  Moon's  nodes  complete  a  circuit;    but 
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also  by  a  happy  coincidence  the  distance  of  the  Moon  from  the  Earth,  as  also  all  the  larger  disturbances 
in  her  motion,  recur  practically  unchanged.  The  cycle  was  known  to  the  Chaldeans  more  than  2,000 
years  ago,  and  was  indeed  the  earliest  method  of  predicting  eclipses.  But  the  odd  third  of  a  day  was 
a  difficulty  to  them,  since  it  means  that  the  region  of  the  Earth  that  sees  a  particular  phase  of  the 
eclipse  is  shifted  westward  through  a  third  of  the  Earth's  circumference.  In  those  days,  when  little 
of  the  Earth's  surface  was  known,  this  meant  that  they  had  generally  to  wait  for  the  triple  Saros, 
or  fifty-four  years  one  month,  after  which  the  eclipse  returned  to  the  same  longitude  as  at  first. 


CAUSE    OF    NEAP    TIDES. 

At  First  and  I«ast  Quarters  of  the  lytoon  the  lunar  high  water  falls  on  the  solar  low  water,  and  the  lunar  low  on  the  solar  high. 
Thus  at  the  Quarters  we  get  small  tides,  which  neither  rise  high  nor  fall  low. 


As  an  instance  of  the  Saros,  we  may  take  the  coming  ecUpse  in  England  in  1927;  a  Saros  later, 
in  July  1945,  there  will  be  a  total  eclipse  in  Norway  in  the  afternoon.  Three  Saroses  later  still, 
on  August  11,  1999,  totality  will  again  cross  England  (Cornwall). 

The  fact  noted  above  that  the  maximum  number  of  seven  eclipses  occurred  in  the  years  1917-1936 
is  another  instance  of  the  Saros  cycle. 

The  motion  of  the  Moon's  nodes  produces  quite  a  notable  change  in  the  conditions  under  which 
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we  see  the  Moon.  At  one  stage  in  the  eighteen  and  a  half  year  period  the  Moon's  inchnation  of  five 
degrees  to  the  ediptic  is  added  on  to  the  twenty-three  and  a  half  degrees  which  is  the  slope  of  the 
latter  to  the  equator.  Thus  the  Moon  wanders  twenty-eight  and  a  half  degrees  on  each  side  of  the 
equator,  the  full  Moon  of  summer  being  very  low  down,  and  that  of  mid-winter  being  very  high  up. 
This  state  of  things  occurred  in  1913  ;  the  full  Moon  of  December  24,  1912,  attracted  much  attention 
from  its  unusual  altitude,  which  happened  to  coincide  with  unusual  nearness  to  the  Earth  ;  this, 
in  addition  to  a  clear  sky,  caused  the  intensity  of  moonlight  to  be  quite  beyond  normal.  The  high 
inclination  of  the  Moon's  orbit  to  the  equator  will  recur  in  1931  ;  an  opposite  state  of  things  prevailed 
in  1922.  The  inclination  to  the  equator  was  then  only  eighteen  degrees,  so  that  its  wanderings  were 
confined  within  narrow 
limits,  and  it  neither 
went  very  high  nor 
very  low. 

This  seems  an  ap- 
propriate place  to  des- 
cribe the  phenomenon 
known  as  the  Harvest 
Moon.  Many  people 
have  a  vague  notion 
that  this  Moon  is  for 
some  reason  brighter 
than  any  other.  The 
fact  is  merely  that 
about  the  time  of  the 
autumn  equinox  the 
Full  Moon  is  at  the 
part  of  its  orbit  where 
it  is  moving  north 
most  rapidly  ;  now  on 
the  average  the  Moon 
rises  three-quarters  of 
an  hour  later  each  day ; 
this  amount  is  in- 
creased when  the  Moon 
is  moving  south,  and 
diminished  when  it  is 
moving  north.  But 
the  phenomenon 
naturally  attracts  most 
attention  when  the 
Full  Moon  is  moving 
rapidly  north,  for  then 
it  rises  in  the  neigh- 
bourhood of  sunset  for  several  evenings  in  succession,  and  is  available  as  a  light-giver  for  all  the 
working  hours  of  the  night.  Hence  the  Harvest  Moon  is  the  Full  Moon  that  falls  nearest  to  the 
autumn  equinox  (September  23).  The  phenomenon  is  most  striking  in  those  years  in  which 
the  orbit  is  most  inclined  to  the  equator ;  thus  the  following  times  are  taken  from  the  almanac  of 
September  1913  :  September  15  rises  at  6.17  p.m. ;  September  16  rises  at  6.25  p.m. ;  September  17 
rises  at  6.36  p.m. ;  September  18  rises  at  6.46  p.m. ;  September  19  rises  at  7.2  p.m.  ;  September  20 
rises  at  7.19  p.m.      It  will  be  seen  that  the  time  of  rising  gets  only  an  hour  later  in  five  days  ;   on 


Photo  by]  [Rev.  A.  L.  Cortie,  S.J. 

THE   ECLIPSE    OF   AUGUST    21,    1914,    PHOTOGRAPHED    AT   HERNOSAND, 

SWEDEN. 
This  eclipse  was  notable  for  its  occurrence  in  the  first  month  of  the  War,  which  added  to  the 
difficulties  of  observers.    The  Sun  had  just  begun  to  revive  from  the  notable  minimum  of  1913, 
and  the  type  of  corona  was  designated  "  intermediate."     Note  the  "  polar  plumes  "   at  the 

bottom. 
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the  other  hand,  at  the  March  Full  Moon,  when  the  Moon  is  moving  south,  the  time  of  rising  gets  later 
by  as  much  as  one  and  a  half  hours  each  day. 

It  is  now  time  to  enter  more  into  detail  on  the  manner  in  which  the  Sun  disturbs  the  Moon's  motion  ; 
the  first  fact  we  note  is  that  the  Sun's  pull  on  the  Moon  is  two  and  one-sixth  times  as  great  as  the  Earth's 
pull ;  at  first  sight  it  seems  strange,  under  these  circumstances,  that  the  Moon  should  continue  to 
move  round  the  Earth ;  but  we  have  to  remember  that  the  Sun  is  pulling  both  Earth  and  Moon, 
and  making  them  go  round  it  in  company ;   it  is  merely  the  small  difference  between  the  two  pulls 

(due  to  slightly  differ- 
ent  distance  and 
direction)  that  is 
effective  in  disturbing 
the  Moon's  motion 
round  the  Earth. 
Let  us  first  examine 
the  figure  on  page  221, 
which  shows  the  shape 
of  the  Moon's  path, 
produced  by  its  two 
different  circling  mo- 
tions. It  will  be 
noticed  that  the  path 
is  everywhere  concave 
to  the  Sun,  this  being 
indeed  a  necessary 
consequence  of  its 
superior  pull.  There 
is,  however,  a  much 
closer  approach  to 
straightness  at  New 
Moon  than  at  Full 
Moon  ;  if  its  distance 
from  the  Earth  were 
only  160,000  miles 
(two-thirds  of  its 
actual  distance)  its 
path  at  New  Moon 
would  be  straight ; 
the  Moon  is  the  only 
satellite  in  the  Solar 
System  whose  path 
is  always  concave  to 
the  Sun  ;  in  all  other 
cases  the  pull  of  the 
planet  exceeds  that  of 
the  Sun.  It  will  be 
seen  that  a  large  scale 
is  required  to  show 
the  shape  of  the  Moon's 
path  round  the  Sun ; 
it  is  only  possible  to 


Photo  Iry]  [A.  C.  D.  Crommtlin. 

THE  ECWPSE  OF  MAY  29,  1919,  PHOTOGRAPHED  AT  SOBRAI<,  BRAZII<. 
The  chief  object  of  the  Sobral  Expedition  was  the  photography  of  stars  near  the  Sun,  to  test 
Einstein's  prediction  of  light-bending.  The  corona  and  prominences  were  also  recorded  on 
the  plates.  The  great  arched  prominence  on  the  top  left  side  appeared  of  a  vivid  red  colour. 
It  was  300,000  miles  long  (farther  than  from  the  Moon  to  the  Earth).  The  V-shaped  rif  at 
the  bottom  appeared  very  striking. 
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show  it  for  one  fortnight,  but  the  remainder  of  it  consists  of  simple  repetitions  of  the  part  drawn, 
alternately  backwards  and  forwards. 

We  must  endeavour  to  get  a  more  definite  idea  than  hitherto  of  the  exact  nature  of  the  Sun's 
disturbing  force.  We  turn  to  the  figure  on  page  234,  noting  that  the  figure  is  made  to  serve  two 
different  purposes.  For  the  present  we  take  C  as  the  Earth,  A,  B,  A',  B'  as  the  Moon's  path  round 
the  Earth,  M  as  the  Sun,  O  as  any  position  of  the  Moon  ;  draw  ON  perpendicular  to  MC,  and  take 
NH  equal  to  twice  NC,  join  OH.  Then  the  reader  with  an  elementary  knowledge  of  dynamics  will 
see  that  if  MO  measures  the  force  of  M  on  O,  MH  will  measure  on  the  same  scale  the  force  of  M  on  C, 
and  OH  will  represent  the  disturbing  force  of  M  on  O,  as  affecting  its  motion  round  C.  Carrying  out 
this  process  for  different  positions  of  O,  we  find  that  at  A,  A'  the  disturbing  forces  are  AF,  A'F',  at  B,  B 


From  '^  Knowledge  "^  [A,  C.  D.  Crommelin. 

DIAGRAM  II<I,USTRATING   THE   SAROS   CYCI<E   OF  ECI^IPSES. 

Eclipses  return  with  closely  similar  conditions  after  eighteen  years  eleven  and  one-third  days ;  the  tracks  move  westward  at 

each  return.       After  three  returns  they  reach  about  the  same  longitude  as  at  first.    The  tracks  of  the  two  English  totalities 

of  this  centurj',  1927  and  1999,  are  shown.    The  cycle  continues  after  2179,  but  further  data  are  not  available. 


they  are  BC,  B'C.  Over  the  larger  part  of  the  orbit  the  disturbing  forces  act  outwards  ;  they  reach 
their  maximum  values  at  New  and  Full  Moon,  being  then  exactly  double  the  inward  disturbing  force 
at  first  and  last  quarters.  The  result  is  that  on  the  whole  the  Sun  pulls  the  Moon  outwards,  and 
lengthens  its  period.  Now  the  Sun's  distance  from  the  Earth  changes  by  three  million  miles  in  the 
course  of  the  year,  being  nearest  in  the  winter  ;  the  result  is  that  the  Moon  in  winter  lags  behind  her 
average  place,  being  most  behind  (one-third  of  her  diameter)  about  April  1.  In  the  summer,  on 
the  other  hand,  the  Sun's  outward  force  is  lessened,  and  the  Moon  moves  quicker,  being  one-third 
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of  its  diameter  in  front  of  its  average 
place  about  October  1. 

At  first  sight  we  might  expect  that 
the  outward  force  at  Full  and  New  Moon 
would  cause  the  orbit  to  be  lengthened 
in  the  direction  of  the  Sun  ;  but  this  is 
an  erroneous  conclusion,  as  we  can  see 
by  considering  that  when  the  outward 
force  is  greatest  the  greatest  outward 
distance  has  clearly  not  been  reached ; 
the  actual  effect  is  just  the  reverse,  the 
orbit  being  flattened  at  New  and  Full 
Moon,  lengthened  at  the  Quarters.  More- 
over, the  whole  orbit  is  shifted  bodily 
towards  the  Sun  by  about  50  miles ; 
the  result  being  that  it  takes  on  the 
average  a  quarter  of  an  hour  longer  for 
the  Moon  to  pass  from  last  quarter  to 
first  than  from  first  quarter  to  last.  If 
this  difference  of  times  is  determined 
by  observation,  it  gives  us  a  measure 
of  the  Sun's  distance  ;  it  was  in  this 
manner  that  Hansen  was  able  to 
announce,  in  the  middle  of  the  last 
century,  that  the  distance,  95  million 
miles,  given  by  the  transits  of  1761-1769, 
was  much  too  great ;  however,  he 
reduced  it  too  much,  giving  91|  million  miles,  instead  of  nearly  93  million. 

Inspection  of  the  figure,  page  234,  shows  that  just  after  New  Moon  the  disturbing  force  acts  back- 
wards ;  just  before  New  Moon  it  acts  forwards,  the  result  being  that  the  Moon  goes  ahead  of  its  average 
place  ;  it  gets  farthest  ahead  midway  between  A  and  B,  the  amount  then  being  thirty-nine  and  a  half 
minutes  of  arc,  or  more  than  the  Moon's  diameter  ;  it  is  an  equal  distance  behind  its  average  place 
midway  between  B  and  A' ;  while  midway  between  A'  and  B'  it  again  goes  in  front,  and  midway 
between  B'  and  A  it  again  lags  behind,  the  amount  being  the  same  on  each  occasion.  This  disturbance 
of  the  Moon  is  known  as  the  Variation.  It  was  unknown  to  the  old  astronomers,  since  they  trusted 
largely  to  eclipses  for  their  knowledge  of  the  Moon's  motion,  and  the  disturbance  disappears  at  New 
and  Full  Moon.  It  was  found  some  three  and  a  half  centuries  ago,  in  the  course  of  Tycho's  beautiful  series 
of  observations  at  Uraniborg,  which  we  have  already  mentioned  as  giving  Kepler  the  material  for 
establishing  his  laws. 

The  disturbances  that  we  have  hitherto  mentioned  would  take  place  even  if  the  Moon's  undisturbed 
path  round  the  Earth  were  circular  ;  but  it  is,  in  fact,  elliptical,  the  amount  of  the  eccentricity  being 
one-eighteenth  ;  the  meaning  of  this  statement  is  that  the  Moon's  least  distance  falls  short  of  the 
average  by  one-eighteenth  of  239,000  miles :  or  say  13,000  miles ;  the  greatest  distance  exceeds 
the  average  by  13,000  miles.  Without  going  into  mathematics  it  is  easy  to  see  that  the  Moon,  when 
farther  from  the  Earth,  is  far  more  liable  to  solar  disturbance  than  when  near  the  Earth.  The  effects 
have  been  already  noted ;  they  cause  the  long  axis  of  the  orbit  to  move  forward,  going  right  round 
in  eight  years  ten  months ;  and  they  cause  the  eccentricity  to  increase  to  one-fifteenth  when  the 
long  axis  points  sunward  (at  these  times  the  Moon's  least  distance  from  the  Earth  is  only  221,600 
miles)  ;  on  the  other  hand,  when  the  long  axis  is  square  to  the  Sun's  direction  the  eccentricity  falls 
to  one-twenty-third. 


Greenwich  Observatory]  [By  permission  of  the  Astronomer  Royal. 

MOON   EMERGING   FROM   TOTAI,   ECLIPSE. 
This  photograph  vfas  taken  on  November  17, 1910,  at  Ih.  34m.  a.m.,  twenty- 
three  minutes  before  the  end  of  eclipse.    It  is  possible  to  deduce  from  the 
shape  of  the  shadow  that  the  Earth  is  round,  and  much  larger  than  the 
Moon.    The  rather  indefinite  border  of  the  shadow  is  due  to  penumbra. 
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The  disturbances  just  mentioned  are  grouped  as  the  Evection  ;  their  discovery  is  due  to  Claudius 
Ptolemy,  the  great  Eg3rptian  astronomer  who  flourished  in  the  second  century  a.d.  ;  his  name  is 
well  known  as  the  inventor  of  the  Ptolemaic  theory  of  the  planetary  motions. 

We  have  now  gone  as  far  in  the  study  of  the  Moon's  disturbed  path  as  it  is  possible  to  do  without 
mathematics.  The  process  of  calculating  a  place  of  the  Moon  consists  in  first  finding  its  mean  place, 
which  is  the  place  resulting  from  uniform  motion  at  the  average  rate  ;  to  this  have  to  be  applied  the 
effects  of  the  elliptic  motion,  and  of  the  various  disturbances  ;  the  chief  of  these  have  been  described, 
but  there  are  hundreds  of  smaller  ones.  Each  separate  disturbance  may  be  viewed  as  a  wave,  which 
puts  the  Moon  alternately  in  front  and  behind  its  mean  place ;  the  figure  on  page  235  shows  the  larger 
waves  ;  the  object  of  lunar  tables  is  to  find  what  portion  of  each  wave  we  have  to  use  at  a  given  time  ; 
the  effects  of  all  the  waves  have  to  be  combined  and  applied  to  the  mean  place,  the  result  gives  the 
actual  place  ;  to  calculate  a  single  place  of  the  Moon  requires  over  an  hour's  work,  but  many  short-cuts 
are  possible  when  one  computes  the  positions  for  a  whole  year  at  a  time. 

Let  us  now  consider  what  effect  these  variations  in  the  Moon's  motion  have  upon  the  face  of  the 
Moon  that  is  turned  towards  us  ;  we  have  already  alluded  to  the  fact  that  we  always  see  very  nearly 
the  same  face,  owing  to  the  fact  that  the 
Moon  spins  on  its  axis  in  exactly  the 
same  time  that  it  takes  to  go  round  the 
Earth.  The  spinning  motion  is  very 
nearly  uniform,  while  we  have  seen  that 
the  motion  round  the  Earth  is  subject 
to  large  distiurbances ;  the  result  is  that 
when  the  Moon  is  ahead  of  her  mean 
place,  a  portion  of  her  surface  on  the 
west  side  is  brought  into  view  ;  conversely, 
when  the  Moon  is  behind  her  mean  place, 
a  region  is  brought  into  view  on  the  east 
side  of  her  disc  ;  the  words  "  east  "  and 
"  west "  are  used  with  reference  to  our 
sky,  not  as  they  would  appear  to  an 
observer  on  the  Moon,  who  would  reverse 
them.  The  swing  on  each  side  of  the 
mean  place  amounts  at  times  to  nearly 
eight  degrees.  There  is  another  cause 
that  brings  some  of  the  back  of  the  Moon 
into  view.  The  Moon's  north  pole  is 
one  and  a  half  degrees  from  the  pole  of 
the  ecliptic,  and  moves  round  it  in  eighteen 
and  a  half  years  in  such  a  way  as  always 
to  be  inclined  some  six  and  three-quarter 
degrees  from  uprightness  to  the  level  in 
which  it  travels  round  the  Earth  ;  the 
result  is  that  we  see  alternately  an  extent 
of  six  and  three-quarter  degrees  beyond 
each  pole  of  the  Moon.  Moreover,  the 
Earth  looks  so  large  as  seen  from  the 
Moon  (radius  about  one  degree)  that  by  soi.ar  ecupsi^  visibi^e  in  engi<and   1891-1922. 

;  r     t_      T-       i  ^^^   picture  shows,  wiUi  one  exception  (1895),  all  the  solar  edipses 

travelling  to  different  parts  of  the   Earth  visible   in   London   in    thirty-two  years.      About  forty  partial  solar 

we   can  add  a  zone   about   a   degree   wide  ^<^P^  are  visible  at  a  given  station  every  century,  but  only  one 

.  -,-11.  total  eclipse  in  three  centuries  (on  average).     In  the  above  illustration 

to  the  region  brought  into  view.     On  the  j^ov.  s,  1921,  should  read  Apr.  8,  1921. 
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whole  we  see  at  one  time  or  another  fifty-nine  per  cent,  of 
the  Moon's  surface,  and  only  forty-one  per  cent,  remains 
permanently  hidden.  But  it  must  be  noted  that  the  regions 
thus  brought  into  view  are  always  near  the  edge  of  the 
Moon,  where  they  are  subject  to  great  foreshortenings. 

We  now  proceed  to  consider  the  effects  of  the  Moon  on 
the  Earth.  We  may  divide  these  into  three  heads  :  (1)  the 
Earth's  monthly  journey  about  the  centre  of  gravity ;  (2) 
the  Tides  ;    (3)  Precession  and  Nutation. 

(1)  We  have  spoken  up  till  now  about  the  planets  going 
round  the  Sun,  or  satellites  going  round  the  planets.     The 
expression  is  a  convenient  one,  but  not  quite  exact ;    in 
reality  each  body  goes  round  the  common  centre  of  gravity  ; 
if  one  body  is  much  more  massive  than  the  other  the  centre 
of  gravity  is  much  closer  to  it.     In  the  case  of  the  Earth 
and  Sun  the  centre  of  gravity  is  278  miles  from  the  Sun's 
centre,  and  the  Earth  makes  the  Sun  describe  a  little  circle 
with  this  radius  in  the  course  of  a  year.     The  centre  of 
gravity  of  the  Sun  and  Jupiter  is  nearly  half  a  million  miles 
from  the  Sun's  centre,  which  is  just  outside  its  surface,  so 
that  Jupiter  makes  the  Sun  move  quite  an  appreciable 
amount.     In  the  case  of  the  Earth  and  Moon,  the  centre  of 
gravity  is  3,000  miles  from   the  Earth's  centre,  or   1,000 
below  its  surface.      The  Earth  then  travels  round  a  little 
circle  of  3,000  miles  radius  in  a  month,  being  farther  from 
the  Sun  by  this  amount  at  the  time  of  New  Moon  and  nearer 
at  Full  Moon.     The  effect  of  this  motion  is  to  make  the  Sun 
appear  alternately  in  front  of  and  behind  its  mean  place 
by  a  distance  of  six  and  a  half  seconds  of  arc.     Planets  that 
come  near  the  Earth  appear  shifted  still  more ;  in  fact,  the 
best  way  of  measuring  the  Moon's  mass  is  by  carefully 
observing  the  little  planet  Eros  for  several  months  at  a 
time  when  it  is  near  the  Earth. 
(2)  The  Tides  are  caused  by  the  attractions  of  the  Moon  (and  also  the  Sun)  not  being  exactly  the 
same  on  all  portions  of  the  Earth,  since  both  the  distance  and  direction  are  slightly  different  for  different 
portions.     Turning  again  to  the  figure  on  page  234,  ABA'B'  now  represents  the  surface  of  the  Earth, 
C  being  its  centre,  and  M  is  either  the  Moon  or  Sun.     By  exactly  the  same  reasoning  as  before,  we 
find  that  the  line  OH  represents  the  disturbing  force  at  a  point  O  ;    also  the  disturbing  force  for  a 
considerable  distance  round  the  points  A, A'  is  outwards,  while  near  B,B'  it  is  inwards ;   if  the  Earth 
were  not  rotating  the  effect  would  be  to  cause  high  water  at  the  points  A, A',  and  low  water  at  B,B'. 
The  rotation  of  the  Earth  modifies  this  result,  and  actually  the  line  joining  the  two  points  of  high 
water  does  not  point  to  the  Moon,  but  to  a  point  a  considerable  distance  behind,  or  east  of    it. 
Indeed,  in  narrow  seas,  like  those  around  the  British  coasts,  the  time  of  high  water  is  very  much 
affected  by  the  neighbouring  land  ;   and  since  in  any  case  a  full  explanation  of  the  tides  is  impossible 
without  high  mathematics,  it  is  usual  in  elementary  works  to  take  the  equilibrium  theory,  giving 
high  water  at  A, A'  as  being  sufficiently  near  to  the  truth,  and  also  easier  to  follow.     We  have  to  note 
that  the  Sun  raises  tides  on  the  Earth,  as  well  as  the  Moon  ;    indeed,  from  what  we  noted  as  to  the 
superiority  of  the  Sun's  pull  on  the  Moon  over  the  Earth's  pull,  we  might  expect  the  Sun's  tides  to 
be  the  larger  ;   but  there  is  a  point  that  comes  in  here  to  help  the  Moon  ;   it  is  not  the  whole  pull  of 
Moon  or  Sun  on  the  Earth  that  is  effective  in  raising  tides,  but  merely  the  excess  of  the  pull  at  one 
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SLOPE  OF  MOON'S  ORBIT  TO  THE 
ECLIPTIC. 
The  Moon's  path  is  inclined  five  degrees  to  the 
Ecliptic.     The  two  crossing-points,  called  the 
nodes,  make  a  complete  circuit  in  eighteen  and  a 
half  years  in  the  opposite  direction  to  the  arrow. 
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part  of  the  Earth  over  that  at  another  part ;  now  this  is  an  effect  in  which  proximity  gives  an  additioneil 
advantage,  so  that  tidal  action  varies  as  the  inverse  cube  of  the  distance,  instead  of  the  inverse  square  ; 
the  Sun  is  389  times  as  remote  as  the  Moon  ;  the  cube  of  389  is  58  milhons  ;  the  mass  of  the  Sun 
exceeds  that  of  the  Moon  27  milUon  times ;  combining  these  numbers  we  see  that  the  Moon's  tidal 
action  exceeds  the  Sun's  in  the  ratio  of  58  to  27,  or  2J  times  ;  it  is  rather  a  curious  coincidence  that 
this  is  the  same  ratio  as  the  excess  of  the  Sun's  direct  pull  on  the  Moon  over  the  Earth's  direct  pull. 

The  solar  tides  are  large  enough  to  modify  the  lunar  ones  very  appreciably ;  the  two  tides  act 
together  at  New  and  Full  Moon,  and  we  then  have  tides  that  both  rise  and  fall  to  a  great  extent ; 
the  solar  tides  always  remain  at  the  same  hour  of  the  day,  but  those  of  the  Moon  get  later  on  the 
average  by  three-quarters  of  an  hour  daily ;  after  New  and  Full  Moon  the  solar  tides  precede  the 
lunar  ones,  and  the  combined  tide  is  earlier  than  the  lunar  one  ;  the  tides  are  then  said  to  "  prime"  ; 
before  New  and  Full  Moon  the  lunar  tide  precedes  the  solar  one,  and  the  combined  tide  is  later  than 


From  "  Knowledge  "]  [Photo  by  E.   W.  Barlow. 

THE    PARTIAI^   SOLAR    ECWPSE    OF   APRIL    17,    1912. 
This  photograph  was  taken  at  Bournemouth  at  the  greatest  phase,  12h,  Sm.  p.m.,  one-twelfth  of  Sun's  diameter  remaining  uneclipsed. 
The  eclipse  was  central  some  200  miles  to  the  south-east,  proving  that   the  Moon's  diameter  is  in  round  nimibers  twelve  times  200 
miles  (actual  value,  2,160  miles).     Some  mountain  peaks  on  the  Moon's  edge  are  visible  one-third  of  the  way  from  the  right  cusp 

to  the  left  one. 
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[A.  C.  D.  CrommthH. 
DIAGRAM   II,I,USTRATING   LUNAR    PERTURBATIONS,   TIDES,   AND    PRECESSION. 
This  diagram  serves  many  purposes.       First,  C  is  taken  for  the  Earth,  A  B  A'  B'  for  the  path  of  the  Moon,  M  for  the  Sun. 
Secondly,  A  B  A'  B'  is  the  surface  of  the  Earth,  and  M  stands  for  either  Moon  or  Sun  ;     the  second  system  is  used  for  the 

explanations  of  Tides  and  Precession. 


the  lunar  one  ;  the  tides  are  then  said  to  "  lag."  At  first  and  last  quarters  high  tide  from  the  Moon 
coincides  with  low  tide  of  the  Sun ;  the  two  tend  to  neutralise  each  other,  and  neither  rise  high  nor 
fall  low.     The  total  rise  at  neaps  is  little  more  than  a  third  of  that  at  springs. 

The  problem  of  calculating  the  tides  in  advance  is  very  similar  to  that  of  calculating  the  Moon's 
place,  for  every  variation  in  the  Moon's  motion  has  a  counterpart  in  the  tides ;  there  is  a  further 
complication  in  the  fact  that  the  tides  depend  partly  on  the  height  of  the  Moon  at  the  given  station. 
However,  less  accuracy  is  needed  in  tide  prediction,  and  as  it  consists  in  taking  the  combination  of  a 
large  number  of  separate  waves,  similar  to  those  on  page  227,  it  is  possible  to  construct  machines  which 
give  the  result  for  a  whole  year  in  the  space  of  an  hour  or  two.  Machines  known  as  tide-gauges, 
consisting  of  floats  rising  and  falling  with  the  water,  whose  movements  are  recorded  on  a  revolving 
drum,  permit  the  various  tidal  factors  to  be  found  for  each  station ;  with  these,  tidal  prediction 
becomes  simple. 

I  have  already  alluded  to  tidal  friction,  of  whose  existence  we  have  a  clear  proof  in  the  fact  of  the 
Moon's  rotation  having  been  slowed  down  to  agree  with  its  revolution  ;  we  can  conclude  from  the 
exact  accord  between  the  two  that  the  agreement  is  a  permanent  one,  and  that  any  future  increase 
in  the  Moon's  time  of  revolution  will  be  accompanied  by  a  corresponding  increase  in  the  time  of 
rotation  ;  in  order  that  this  may  be  the  case,  the  Moon  cannot  be  a  perfect  sphere,  but  must  be  some- 
what drawn  out  in  the  earthward  direction  ;  quite  a  small  lengthening  (far  too  small  to  be  detected 
by  observation)  would  suffice  ;   this  lengthening  (whose  amount  has  been  estimated  as  186  feet)  gives 

rise  to  the  "  physical  librations  "  of  the  Moon  ;  whenever,  through 
the  various  disturbances  in  the  Moon's  motion,  this  long  diameter 
wanders  away  from  the  centre  of  the  disc,  the  Earth  endeavours 
to  bring  it  back  ;  in  the  case  of  all  disturbances  of  very  long  period, 
such  as  the  secular  acceleration,  this  adjustment  acts  perfectly ; 
it  also  acts  on  the  annual  term  in  the  Moon's  motion,  produced  by 
the  changing  distance  of  the  Sun.  In  fact  the  largest  part  of  the 
physical  libration  has  a  period  of  a  year,  the  amount  of  swing  being 
somewhat  over  two  minutes  of  arc  each  way  (as  seen  from  the 
Moon's  centre). 

It  has  been  found  by  Messrs.  Taylor  and  Jeffreys  that  the  greater 
part  of  the  tidal  friction  on  the  Earth  takes  place  in  such  partially 
landlocked  seas  as  the  Irish  Sea,  where  the  tidal  currents  are  very 
strong.  The  opening  must  not  be  too  narrow  ;  thus  the  Mediter- 
ranean and  Baltic  contribute  little,  but  Behring  Sea  and  the  Sea 
of  Japan  give  a  large  share  ;  using  the  best  available  data  about  the 


From  "  Knowledge  "]       [After  Shackleion. 
OCCULTATION   OF    A  STAR    BY 

THE   MOON. 
The    arrows     show    the     places    of 
disappearance    (dark  limb)   and    re- 
appearance   (bright    limb)     as    seen 
from  two  different  stations. 
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speed  of  the  currents,  they  found  evidence  of  sufficient  friction  to  explain  the  apparent  acceleration 
of  the  Moon  of  nearly  five  seconds  of  arc  per  century,  in  addition  to  the  six  seconds  of  arc  that  is  due 
to  the  Earth's  orbit  becoming  more  circular,  which  implies  a  slight  diminution  in  the  Sun's 
disturbing  action. 
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[A.  C.  D.  Crommelin. 
UNEQUAL  MOTION  OF  THE  MOON. 
The  Moon's  place  is  calculated  by  first  taking  its  motion  as  uniform,  and  superposing  on  the  result  the  heights  of  a  great 
number  of  waves,  of  which  the  five  principal  ones  are  shown  above.  When  a  wave  is  below  the  base  line  its  reading  is  to  be 
subtracted ;  when  above,  added.  Each  wave  repeats  itself  indefinitely,  with  exact  similarity  each  time  ;  but  since  their 
periods  are  different,  each  month  has  a  different  combination  of  readings.  This  is  the  reiison  of  the  great  complexity  in  the 
Moon's  motion.  Practically,  it  never  repeats  itself  exactly.  The  Elliptic  Wave  and  Evection  were  known  to  the  ancients. 
Tycho  Brahe  discovered  the  Variations  and  Annual  Wave.  Many  himdreds  of  small  waves  are  included  in  Brown's  Tables 
of  the  Moon,  lately  issued,  and  now  used  in  the  Almanacs.  It  is  merely  for  convenience  that  the  above  waves  are  all  represented 
as  starting  at  the  same  point ;  actually  this  seldom  or  never  happens. 
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[By  permission  oj  Encyclopadia  Britannica  Company. 
TIDE  CURVE  RECORDED  AT  BOMBAY. 
This  curve  was  automatically  recorded  at  Bombay  by  a  float  rising  and  falling  with  the  tide,  and  registering  on  a  drum. 
It  extends  for  a  fortnight  from  the  beginning  of  January  1,  1884.  The  change  in  the  height  of  high  water  during  the 
fortnight  is  shown  by  the  top  of  the  curves,  that  in  the  height  of  low  water  by  the  bottom.  It  is  dear  that  the  solar  high 
water  occurs  shortly  before  noon  and  midnight.    The  days  of  the  month  are  written  along  the  curves  and  help  in  tracing 

their  succession. 


(3)  Precession  and  Nutation  are  effects  produced  by  the  Moon  and  Sun  upon  the  Earth  that  are  in 
many  ways  analogous  to  the  tides,  but  are  much  slower  in  their  action  ;  while  the  tides  repeat 
themselves  twice  in  a  day,  nutation  takes  eighteen  and  a  half  years  to  run  its  course,  and  precession 
needs  a  mighty  cycle  of  nearly  26,000  years ;  they  are  really  two  parts  of  a  single  action,  and  the 
division  into  two  separate  titles  is  made  only  for  convenience. 

If  the  Earth  were  a  perfect  sphere,  an  external  body  would  exert  no  effect  whatever  upon  its  rotation 
or  axicd  pose  ;  one  point  on  the  surface  being  just  like  another,  it  would  have  no  purchase  anywhere. 
The  Earth  however  differs  appreciably  from  a  sphere  ;  the  fact  of  its  rotation  makes  its  equator 
bulge  out,  the  equatorial  diameter  being  7,925  miles,  and  the  polar  one  7,899  miles,  so  that  the  former 
is  twenty-six  miles  in  excess.  For  simplicity  let  us  first  picture  the  Earth  as  a  sphere  with  a  single 
mountain.  Using  the  same  figure,  page  234,  that  has  been  used  both  for  lunar  perturbations  and  for 
tides,  let  O  be  the  mountain,  and  M  the  Moon  or  Sun.  Then  by  just  the  same  reasoning  as  before, 
the  disturbing  force  on  O  is  represented  by  the  line  OH,  that  is,  it  tends  to  bring  O  down  into  the 
plane  of  revolution.  When  the  mountain  is  on  the  reverse  side  of  the  Earth,  as  at  O',  the  disturbing 
force  is  represented  by  O'H',  that  is,  it  still  tends  to  bring  the  mountain  into  the  plane  of  revolution  ; 
were  the  Earth  not  rotatthg,  the  mountain  would  actually  move  into  the  plane  of  revolution  ;  but 
the  fact  of  rotation  modifies  this,  and  the  effect  is  simply  to  make  O  reach  the  crossing  point  of  the 
plane  a  little  sooner  than  it  would  otherwise  do.  In  other  words,  the  crossing  point  moves  backwards ; 
this  is  quite  analogous  to  the  backward  motion  of  the  Moon's  nodes.  Now,  instead  of  a  single  mountain 
let  us  imagine  a  ring  of  mountains  all  round  the  Earth's  equator  ;  the  action  on  each  mountain  would 
be  the  same  and  the  backward  movement  would  go  on  constantly.  But  it  is  easy  to  see  that  a  movement 
of  the  equator  involves  a  corresponding  movement  of  the  north  pole  ;  in  fact  the  pole,  while  it 
remains  practically  in  the  same  position  throughout  any  particular  year,  has  a  slow  reeling  movement, 
exactly  like  the  reeling  of  a  top  ;  like  the  latter,  it  takes  place  in  the  opposite  direction  to  the  spinning 
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movement ;  while  the  spin  is  completed  in  twenty-three  hours  fifty-six  minutes,  the  reel  requires 
almost  26,000  years,  so  that  less  than  a  quarter  of  it  has  been  completed  since  the  dawn  of  history. 
A  portion  of  the  past  and  future  course  of  the  north  pole  is  given  on  page  228.  It  shows  that  our  present 
pole  star  will  continue  to  approach  the  pole  for  179  years,  being  at  its  least  distance  (about  twenty-eight 


From  "  Knowledge"]  [Pkoto  by  MM.  Vemeiresco  and  Croies. 

THE   ECWPSE   OF   THE   SUN,   APRII,    17,    1912. 
This  photograph  was  taken  at  Paris  Observatory,  twelve  and  a  half  miles  south-east  of  central  line.     The  unedipsed  solar 
crescent,  eight  seconds  of  arc  wide,  appears  as  a  confused  glare  through  over-exposure.      The  bright  rim  outside  the  Moon  on  the 
right  is  not  the  Sun  but  the  chromosphere.     Several  prominences  appear,  the  largest  being  at  the  top  near  the  solar  crescent. 
Another  is  just  above  the  Moon's  right-hand  point.     The  faint  glow  outside  the  Moon  on  the  right  is  probably  the  inner  corona. 
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12h.  11m.  G.M.T. 


Six  minutes  after  greatest  phase  ;   right-hand 
edge  of  Sun  now  visible. 


minutes)    in    2102.      We    are    fortunate    in  having  such  a 

bright  pole  star  at  the  present  time  ;    and  it  is  interesting 

to  note  that  Vega,  the  brightest  star  in  the  northern  hemisphere, 

will  be  the  pole  star  in  about   12,000  years.     The  earliest 

pole  star  of  which  we  have  historical  knowledge  is  Thuban, 

or  Alpha  Draconis  ;    there  is  no  doubt  that  it  was  the  pole 

star  when  the  great  pyramid  was  built  ;    the  latter  has  an 

inclined  gallery  directed  to  a  point  3°  42'  below  the  pole, 

so  that  we  want  to  find  a  date  when  Thuban  was  at  this 

distance  from  the  pole  ;    the  map  shows  that  it  was  nearest 

to  the  pole  about  2800  B.C.,  but  it  was  then  too  near  the  pole  ; 

the    two    dates  when  it   was  at   the  required  distance   are 

3440  B.C.  and  2160  B.C.     (These  were  deduced  by  Proctor;  I 

have   verified   them   within   a   century.)     Historical   reasons 

decide  against  the  later  date,  so  the  first  may  be  accepted  as  within  a  century  of  the  truth  ;    the 

editors  of  the  Cambridge  Ancient  History  assign  the  date  3100  on  historical  grounds,  but  it  is  pretty 

clear  that  it  was  some  three  centuries  earlier. 

The  Great  Bear  was  much  nearer  to  the  pole  in  Homer's  time  than  it  is  now,  and  he  wrote  about 

Mediterranean  latitudes,  where  the  pole  is  lower  down  than  in  England.     Still,  his  statement  that  this 

was  the  only  constellation  that  never  dips  in  the  ocean  affords  an  example  of  the  fact  that  "  Homer 

sometimes  nods." 

We  see  from  the  map  that  throughout  the  first  period  of  Astronomy  the  pole  lay  in  the  Dragon, 

which  thus  occupied  a  position  of  honour  at  the  top  of  the  celestial  dome.     It  is  quite  probable  that 

the  imagery  used  in  the  Apocalypse,  chap,  xii,  vv.  3-9,  was  suggested  by  this  fall  of  the  Dragon 

from  the  position  of  honour. 

Of  course  the  south  celestial  pole  moves  in  a  similar  manner  to  the  north ;   it  did  not,  indeed, 

come  within  the  cognisance  of  the  early  observers  ;  stiU,  the  records  of  the  stars  that  they  knew  enable 

us  to  locate  the  south  pole  of  their  times,  for  there  was  a  circular  space  left  unmapped  by  them,  whose 

centre  was  the  south  pole.     Both  Mr.  Proctor  and  Mr.  Maunder  have  used  this  fact  for  finding  the 

date  when  the  constellations  were  mapped  out ;    it  appears  to  have  been  about  2400  B.C.,  or  long 

after  the  building  of  the  pyramid  ;    but  the  constellation  figures  that  have  come  down  to  us  are 

probably  of  Asiatic  origin,  and  possibly  they  repeated  some  work  that  the  Egyptians  had  done 

earlier  ;  or  there  may  have  been  a  revision  of  an  earlier  system  of  figures. 

We  may  notice  a  confusion  of  names  in  the  constellation  Eridanus. 
The  name  Achernar,  which  means  in  Arabic  "  the  last  of  the  river," 
formerly  belonged  to  Theta  Eridani,  but  was  later  transferred  to 
the  much  brighter  star  Alpha  Eridani,  which  is  seventeen  degrees 
farther  south.  This  star  has  been  brought  farther  north  by  pre- 
cession, and  can  now  be  seen  in  Egypt,  where  it  was  formerly 
invisible. 

Precession  is  divided  between  the  Sun  and  Moon  in  just  the  same 
proportion  as  the  tides,  that  is,  the  lunar  action  is  two  and  one-sixth 
times  the  solar  action.  The  action  of  each  body  vanishes  when 
it  is  in  the  equator,  for  a  body  in  that  position  has  clearly  no  power 
to  change  the  position  of  the  equatorial  plane.  This  happens  for 
the  Moon  once  a  fortnight,  and  for  the  Sun  once  in  six  months. 
Hence  precession  does  not  go  on  at  a  uniform  rate,  but  by  jerks, 
whose  size  increases  with  the  distance  of  Sun  or  Moon  from  the 
equator  ;  for  convenience  precession  is  looked  on  as  progressing 
uniformly,  and  all  changes  in  its  rate  are  collected  under  another 


Photo  byl  [E.  W.  Barlotc. 
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The  eclipse  is  here  seen  eighteen  and 

a  half  minutes  before  greatest  phase, 

two- thirds  of    Sun's  diameter  being 

hidden. 
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heading,  "  Nutation."  There  is  a  small  lunar  nutation  with  period  a  fortnight,  but  a  much  larger  one 
in  a  period  of  eighteen  and  a  half  years,  in  which  the  Moon's  nodes  revolve  ;  for  we  saw  that  for  part 
of  the  eighteen  and  a  half  years  the  Moon's  orbit  is  highly  inclined  to  the  equator,  and  the  action 
then  goes  on  more  rapidly ;  but  it  slows  off  in  the  periods  of  small  inclination.  The  solar  nutation 
has  a  period  of  six  months.  The  word  nutation  means  "  nodding,"  and  it  is  used  because  through  it 
the  pole  describes  a  wavy,  serpentine  path,  instead  of  a  circular  one. 

The  planets  also  play  a  small  part  in  precession  ;    this  is  not  however  by  shifting  the   plane  of 


By  permission  of]  [E.N. A. 

THE  TOTAI,  ECLIPSE  OF  THE  SUN  ON    SEPTEMBER    21,    1922.      PHOTOGRAPHED    AT   WAI,I,AI^,    WESTERN 
AUSTRAI,IA,  BY  THE  CROCKER  ECI,IPSE  EXPEDITION,  WITH  A  FORTY-FOOT  CAMERA  AND  THIRTY-TWO 

SECOND    EXPOSURE. 

The  I,ick  ObsCTvatory  Expedition,  under  Prof.  Campbell,  succeeded  in  verifying  Einstein's  prediction  of  the  deflection  of  the 

rays  of  light  from  the  stars  by  the  Sun's  gravitation  ;  they  also  secured  some  beautiful  photographs  of  the  corona.    The  original 

negatives  show  much  more  detail  than  we  can  see  in  the  reproductions. 

the  equator,  but  by  shifting  the  echptic,  or  plane  in  which  the  Earth  goes  round  the  Sun  ;    this  has 
an  indirect  efiect  by  slightly  altering  the  distance  of  Sun  and  Moon  from  the  equator. 

Occultations  of  stars  by  the  Moon  form  a  very  pretty  spectacle,  and  one  that  our  readers  may 
enjoy  with  quite  a  small  telescope.  Indeed,  if  they  desire  to  do  really  useful  work  they  have  only  to 
record  the  exact  times  of  disappearance  of  the  star,  getting  their  time  by  the  wireless  signals  that 
are  now  so  widely  distributed.     Perhaps  the  most  attractive  are  those  when  the  Moon  is  sufficiently 
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near  New  to  enable  the  dark  part  to  be 
seen  by  earthshine,  as  one  can  then  watch 
tlu'  approach  of  the  star  to  the  Moon's 
hnil),  and  see  for  oneself  how  rapidly  the 
Moon  moves  ;  the  disappearance  and  re- 
appearance take  place  with  startling  sud- 
denness, and  afford  one  of  the  most 
decisive  proofs  that  the  Moon  is  practi- 
cally airless.  As  this  is  a  conclusion  of 
great  importance  it  is  well  to  trace  out  the 
proof  in  some  detail.  There  are  two  ways 
of  nuMsuring  the  dianu-ter  of  the  Moon  ; 
the  lirst  is  by  observing  the  di.sai)pearance 
and  reappearance  of  a  large  number  of  stars 
during  a  total  lunar  eclipse  ;  this  time  is 
chosen  because  nuich  fainter  stars  can  then 
be  observed  close  to  the  Moon  than  when 
it  is  shining  brightly.  In  this  way  it  was 
fouiul  that  the  Moon's  radius,  when  at  its 
average  distance,  covers  an  angle  of 
15'  Hi'dr).  Direct  measures  of  the  apparent 
size  of  the  Moon,  made  with  the  transit 
circle  at  Greenwich  during  a  period  of 
seventy  years,  give  a  value  of  the  radius 
one  and  a  (piarter  seconds  greater  than  this 
value.  A  large  part,  if  not  all,  the  excess 
can  be  a.scribed  to  the  known  causes  of 
diffraction  and  irradiation,  which  make  all 
bright  objects  look  somewhat  bigger  in 
the  telescope  thai\  tlu-ir  true  dimensions  ; 
the  highest  value  that  we  can  ascribe  to 
refraction  at  the  limb  of  the  Moon  is 
about  half  a  second  ;  it  is  to  be  noted  that  refraction  would  shorten  the  time  during  which 
a  star  is  hidden  behind  the  Moon.  Now  the  refraction  of  the  .setting  Sun  on  the  horizon  has  been 
measured  and  found  to  be  about  2,(MH)''.  If  wc  imagine  a  ray  just  missing  the  Karth's  surface,  and 
then  pa.ssing  out  of  the  atmos])here  again,  it  would  be  double  this,  or  4,(MM)" ;  it  follows  then  that  the 
refraction  at  the  Moon's  limb  is  at  most  one-eight-thoiisaiulth  of  that  in  our  atm()si)here.  This  means 
an  almost  perfect  vacuum.  It  has  been  objected  that  most  occultations  are  observed  at  the  dark 
limb  of  the  Moon,  and  that  during  the  inten.sely  cohl  hmar  night  (tem]>(Matiue  several  hundred  degrees 
below  zero)  an  atmosiihere  miglit  be  frozen  which  was  present  in  tlie  hmar  daytime.  However,  at 
times  stars  of  the  first  magnitude,  notably  Aldebaran,  pass  behind  the  Moon  ;  these  can  be  well 
ob.served  at  the  Moon's  bright  limb,  and  the  discussion  of  these  ob.servations  shows  that  even  in  the 
lunar  daytime  no  refraction  takes  place  exceeding  som(>  two  seconds,  which  still  corresi)onds  to  a 
high  vacuum.  The  matter  is  worth  this  full  discussion,  since  Professor  W.  H.  Pickering  and  some 
other  observers  have  annomieed  in  recent  years  that  they  detect  marked  changes  in  the  relative 
brightness  of  different  regions  surroimding  certain  craters,  notably  lualosthenes,  which  they  ascribe 
to  some  form  of  vegetation  that  runs  its  course  in  a  lunar  month.  It  is  perfectly  true  that  this  would 
be  the  period  of  vegetation  on  the  Moon  ;  there  are  practically  no  annual  seasons,  the  range  of  the 
Sun  on  each  side  of  the  hmar  ecjuator  being  only  one  and  a  half  degrees,  about  one-lifteenth  of  the 
range  on  Earth  ;  moreover  the  lunar  night  a  fortnight  long,  with  its  intense  frost,  must  act  on  vegetation 


i^'foiii  "  KHim'lrilgi'"\  |.^/''•r  A'-   A.   I'roclot. 

Toi*  I)]':sh;ni:i)  to  show  i-kixicssion. 

This  top  liiiM  II  oiniciil  s|>iuv  nit  awiiy,  iintl  i»  iniiiU'  to  spin  on  ii  spiki' 
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as  severely  as  :  long  winter.  Tlu'  arguments  given  above  appear  ((iiichisive  anaiiisi  llier<'  beiiiK  a 
continuons  luMir  atmosphere  dense  enough  for  vegetation  ;  the  only  suggestion  tliat  renders  tlie 
idea  tenable  is  that  there  may  be  local  emissions  of  gas  and  water  vajxair  round  certain  craters,  due 
to  the  survival  of  a  remnant  of  volcanic  activity.  Before  adojjting  tlu?  vegetation  hypothesis  it  would 
be  well  to  consider  tlie  possible  exnlauation  due  to  the  continual  change  of  angle  of  illumination  as 
the  Sun  travels  across  the  lunar  sky,  and  the  fact  that  dillerent  chemical  sul)stan<'es  have  dilTerent 
reflection  ratios  for  a  change  of  angle. 

It  is  instructive  for  us  to  try  to  picture  the  asp((  t  that  the  heavens  would  present  to  an  imaginary 
lunar  observer.  Tlu^  stars  would  travel  round  ttu'  sky  owing  to  the  Moon's  rotation,  as  they  do  to 
us,  but  far  more  slowly,  requiring  twenty-seven  and  one-third  of  our  days  to  comi)letc  their  course. 
The  pole  about  which  they  turn  is  distant  only  one  and  a  half  degrees  from  the  ])ole  of  the  ecli])tic 
(see  page  228).  The  lunar  pole  goes  round  this  latter  pole  in  eightcH'n  and  a  half  years,  whereas  our 
Earth's  pole  takes  26,000  years.  Owing  to  the  Moon's  animal  journey  the  Sun  takes  twenty-nine  and 
a  half  days  (two  days  longer  than  the  stars)  to  return  to  the  same  jjositiou.  It  would  \n'  l)elow  iUc. 
horizon  for  half  this  period.  The  Earth  would  remain  very  nearly  lixtid  in  tin:  lunar  sky  ;  it  would, 
however,  swing  for  a  few  degrees  on  each  side  of  its  averag(!  position,  corresponding  to  tlie  limar 
librations  that  we  observe.  TIk;  ICarth  would  show  phases  which  would  always  b(^  tlie  o|)posite  of 
the  Moon's  phase  to  us  ;  thus  when  tlu;  Moon  is  new  or  full  to  us,  the  ICarlh  is  respei-.tively  full  or  new 
to  the  Moon.  There  are  two  reasons  why  we  sw.  the  earthshine  best  when  the  Moon  is  a  thin  crescent ; 
first,  because  the  Earth  is  then  more  nearly  full  to  the  Moon,  and  secondly,  l)ecaus(t  th(!  thin  crescent 
has  less  power  to  light  up  our  air  than  the  more  fully  illuminated  Moon  ;  and  this  atniosi)heric  glare 
soon  overpowers  the  earthshine.     The  full  Earth  appears  thirteen  times  as  large  as  the  Moon  does  to 
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'  A  .  f  l>.  I  rn/nmfUn. 
VARYING  aUOVli  OF  THK  MOON'S  I'ATU  TO  THK  I'/JUATOK. 
The  InclinatUm  of  the  Moon'*  path  to  the  <-(|uator  chiiiiijeH  rcKuliirly  in  ii  pcriixl  of  eighteen  ami  ii'hiilf  yearn.  It  i»  ({'■'•''te"t 
(over  28}")  in  1013,  1931,  etc.  ;  it  in  leiint  (alHiut  18")  in  Ht22,  1041,  etc.  The  MrKin'ti  iireciHsioiial  aitiim  iH  much  Kreuter 
in  the  years  of  Kreat  inclination.  However,  for  conveiiieiici',  |)rec<-»Hlon  in  c-oii»l(l<ri<l  to  Im:  iniiforni,  am!  tlie  variiitioiiH  in 
it  are  put  down  to  nutatiim.  Heme  the  lar({e  Innar  nutation  in  ei«htiin  and  a  half  yean*.  The  pointH  where  the  elliptic 
CTOMCS  the  equator  are  Jctiotcd  by  the  siKiiii  7  ,  fi,  which  are  read  a*  "  I'irst  I'oint  of  ArieH,"  "  I'irHt  I'oint  <it  l,ibru." 
Actually  they  arc  now  in  the  con»telluticmii  of  the  I'iahe*  and  the  Virgin. 
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us  ;  and  as  the  albedo  of  the  Earth  is  higher  (see  page  108)  it  would  give  fully  thirty  times  as  much 
light ;  it  is  therefore  not  surprising  that  we  can  see  a  good  deal  of  detail  in  the  earthlit  portion.  Sir  W. 
Herschel  saw  the  bright  crater  Aristarchus  and  took  it  for  an  active  volcano.  Professor  Shaler 
of  Harvard  noted  that  the  same  regions  that  look  bright  at  Full  Moon  also  look  bright  in  the  earthshine. 
This  is  important  as  tending  to  show  that  there  is  no  great  difference  in  the  state  of  the  lunar  surface 
by  day  and  by  night.  It  would  be  useful  to  study  Eratosthenes  in  the  earthshine.  to  see  how  the 
formations  appear  that  Professor  W.  H.  Pickering  describes. 

A  few  other  points  in  which  the  absence  of  atmosphere  would  affect  the  asp>ect  of  the  heavens 
from  the  Moon  may  be  noted.  There  would  be  no  sky  illumination,  and  by  simply  shading  the  Sun 
ff om  one's  eyes  one  could  see  the  faintest  stars  by  day.  The  same  applies  to  the  corona  arid  zodiacal 
light  ;  also  there  is  no  twilight,  as  we  can  verify  for  ourselves  by  noting  the  extreme  sharpness  of 
the  boundary  between  day  and  night ;    a  mountain  -peak  that  has  caught  the  rising  Sun  shines 

briUiantly,  while  the  valleys  round  it  are 
still  in  darkness. 

The  planets  as  seen  from  the  Moon 
would  be  in  nearly  the  same  positions 
as  from  the  Earth ;  the  nearer  ones 
would  however  undergo  a  small,  but 
quite  appreciable  shift  as  the  Moon 
performs  its  monthly  journey  round  the 
Earth.  It  may  be  mentioned  that 
measurement  of  this  shift  would  enable 
the  lunarians  to  determine  the  Sun's 
distance  far  more  accurately  than  we 
can. 

It  is  an  easy  matter  to  calculate  what 
the  amount  of  the  attraction  of  gravity 
is  at  the  surface  of  the  Moon  ;  this  is  a 
matter  that  would  considerably  affect 
the  powers  of  our  imaginary  lunarians, 
and  it  also  has  a  practical  bearing  when 
we  come  to  consider  the  forces  that  have 
moulded  the  Moon's  surface,  for  a  diminu- 
tion of  attraction  means  that  a  given 
amount  of  force  will  send  a  projectile 
much  farther.  The  attraction  is  directly 
proportional  to  the  Moon's  mass,  and 
inversely  proportional  to  the  square  of 
the  distance  from  its  centre.  The  distance 
from  centre  is  three-elevenths  of  that  on  Earth  ;  multiplying  this  by  itself  and  turning  the  result 
upside-down  we  obtain  one  hundred  and  twenty-one  ninths ;  we  have  to  divide  this  by  eighty-one, 
since  the  Moon's  mass  is  orte-eighty-first  of  the  Earth's ;  we  obtain  as  result  that  gravity  at  the  Moon's 
surface  is  one-sixth  of  that  on  Earth.  This  means  that  if  we  sprung  from  the  ground  with  a  given 
speed  we  should  reach  a  height  six  times  as  great  on  the  Moon  as  on  the  Earth,  and  stay  six  times  as 
long  in  the  air.  Also  a  cricket  ball  flung  with  the  same  speed  and  at  the  same  slope  would  travel  six 
times  as  far  before  reaching  ih&  ground.  Thus  if  the  lunar  ring-mountains  were  formed,  as  some 
have  thought,  by  projection  of  matter  from  a  central  volcano,  their  much  larger  size  than  the 
terrestrial  craters  would  be  explained. 

Another  rather  surprising  result  has  been  deduced  from  this  small  gravity  on  the  Moon.  The 
Earth's  atmosphere,  though  so  dense  near  the  surface,  falls  off  very  rapidly  in  density  as  we  go  up. 


[W.  H.  Pickering. 

OCCUI,TATION    OF   JUPITER    BY    THE    MOON', 

AUGUST    12,    1892. 

Jupiter  disappeared  at  the  Moon's  bright   limb  and  reappeared  at  the 

dark  one.    The  photographs  show  no  signs  of  any  distortion  of  Jupiter's 

disc  by  lunar  atmosphere.     Jupiter  being   five  times  as   far  from  Sun 

appears  fainter  than  Moon. 
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From  "  Astronomy,  for  AH  "\  By  permission  of  Messrs.  Cassell  &  Co.,  Ltd. 

STEREOSCOPIC    VIEWS    OF    THE    MOON. 
B}'  taking  advantage  of  the  Moon's  libration,  i)hotographs  may  be  obtained  giving  slightly  different 
aspects.     On  combining  these  in  a  stereoscope,  the  Moon  is  seen  to  stand  out  in  relief  as  a  globe. 


SO  that  our  airmen 
at  a  height  of  five 
or  six  miles  have 
generally  to  resort 
to  oxygen  to  sup- 
plement the  very 
thin  air.  At  a 
height  of  forty  or 
fifty  miles  the  air 
is  so  thin  that  in 
ordinary  language 
we  should  be  justi- 
fied in  calling  it  a 
vacuum.  However, 
even  this  very  thin 
air  suffices  to 
cause  the  shooting  stars  to  glow  that  are  rushing  through  it  at  speeds  of  many  miles  per  second ;  indeed 
many  of  them  are  completely  burnt  up  and  reduced  to  powder,  even  at  these  great  heights.  Now  the 
lesser  gravity  on  the  Moon  has  the  effect  of  making  the  density  of  the  air  diminish  much  more  slowly  as 
we  ascend  than  it  does  on  Earth.  It  has  been  calculated  that  assuming  the  density  at  the  Moon's 
surface  is  only  1  / 10,000  of  that  on  Earth  (a  quantity  that  it  may  quite  well  exceed)  then  at  a  height 
of  some  forty-three  miles  the  densities  of  the  two  atmospheres  would  be  equal,  while  if  we  went  still 
higher  that  of  the  Moon  would  be  the  denser.  Thus  it  turns  out  that  the  Moon's  atmosphere  may  form 
as  efficient  a  screen  against  meteoric  impact  as  that  of  the  Earth. 

However,  even  if  this  atmospheric  screen  i=  present,  the  dust  produced  from  me  meteors  would 
in  time  settle  down  on  the  Moon  ;  now  it  is  clear  that  the  same  number  of  meteors  must  strike  a  square 
mile  of  the  Moon  as  of  the  Earth.  And  since  we  find  meteoric  dust  even  in  the  ooze  dredged  from  the 
ocean  bed  the  question  has  been  put  :  "  How  is  it  that  the  lunar  surface  is  not  uniformly  covered  with 
this  dust,  all  variations  of  tint  being  obliterated  ?  "  The  chief  difficulty  is  about  several  very  white 
regions  on  the  Moon,  in  particular  the  crater  Aristarchus.  Since  these  occur  mostly  in  mountainous 
regions  I  make  the  suggestion  that  the  slope  may  be  too  great  for  the  dust  to  lie,  and  that  it  slides 
down  into  the  valleys.  The  great  difference  of  temperature  between  day  and  night  on  the  Moon 
would  cause  expansion  and  contraction,  which  would  help  in  making  loose  matter  descend  to  lower 
levels.  The  so-called  "  Seas  "  are  the  most  level  regions  of  the  Moon,  and  their  dark  colour  is  quite 
consistent  with  the  presence  of  meteoric  dust. 

As  a  conclusion  to  this  chapter  I  propose  to  give  in  outline  the  process  by  which  Newton  concluded 
that  the  force  which  keeps  the  Moon  circling  round  the  Earth  is  the  same  as  that  which  makes  an 
object  thrown  into  the  air  return  to  the  ground.  Although  the  original  idea  required  a  genius  to 
discover  it,  its  verification  requires  no  more  than  simple  processes  of  geometry  and  arithmetic.  Simple 
observations  on  Earth  show  that  a  body  dropped  from  a  height  falls  sixteen  feet  in  the  first  second. 
Now  the  Moon  is  sixty  times  as  far  from  the  Earth's  centre  as  the  Earth's  surface  is  ;  hence  the  force 
of  gravitation  at  the  Moon'fe"  distance,  due  to  the  Earth's  attraction,  should  be  1  /3,600  of  that  at  the 
surface  (3,600  being  the  square  of  sixty).  So  if  we  calculate  the  fall  of  the  Moon  to  the  Earth  in  a 
second,  and  multiply  it  by  3,600  we  should  get  sixteen  feet. 

Now  we  get  the  fall  of  the  Moon  in  a  second  by  finding  how  far  it  is  bent  away  in  a  second  from 
the  line  in  which  it  was  moving  at  the  beginning  of  the  second.  Using  the  figure  on  page  234,  if  the 
Moon  be  at  A  at  the  beginning  of  the  second,  and  at  O  at  the  end  of  it,  AN  measures  the  fall  in  a  second. 
By  a  proposition  in  "  Euclid,"  Book  HI,  ON^  =  AN.NA'. 

Now  since  A  is  very  near  O,  ON  is  equal  to  the  arc  AO.  that  is  to  the  circumference  of 
the  Moon's  orbit  divided  by  the  number  of  seconds  in  27-32  days.      Also  NA'  is  practically  twice  the 
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Moon's  distance  from  the  Earth  or  478,000  miles. 

478,000  X  3-142    y 
,27^  X  24  X  "3,600^ 
478,000 


Thus  AN  in  miles 


AN  in  feet  =  478,000  x  5,280  X 


3142 


^27-32  X  24  X  3,600y 
5,280  being  the  number  of  feet  in  a  mile. 
Working  this  out  (preferably  by  logarithms),  and  multiplying  the  result  by  3,600  to  reduce  to  the 
Earth's  surface,  we  find  for  the  answer  16'1  feet,  just  the  quantity  required  to  prove  Newton's  Law 
of  Gravitation.  Newton  was  for  a  time  kept  back  through  using  the  wrong  radius  of  the  Earth. 
Fortunately  he  was  then  able  to  use  Picard's  new  value,  obtained  from  careful  surveying  work,  and 
quickly  verified  his  Law. 


THE    CORONA    OF    JULY    29,    1878. 
This  drawing  was  made  by  Prof.  I,anglc>-  from  the  summit  of  Pike's  Peak,  14,100  feet  high.    In  that  thin  air  he  could  trace 
the  corona  for  eleven  million  miles  from  the  Sun,  a  greater  distance  than  any  other  observer,  and  saw  it  for  four  minutes  after 
the  end  of  totality.      Sunspot  activity  was  at  a  minimum  in  1878  (see  page  112).     At  such  times  the  coronal  extensions  are  in 

Sun's  equator. 


THE   HISTORY'   OF   THE    EARTH -MOON   SYSTEM   ACCORDING     . 

TO    THE    TIDAL    THEORY. 

By  C.  D.  Crommelin,  B.A.,   F.R.A.S. 

It  has  been  mentioned  in  Chapter  II  that  Sir  George  Darwin  suggested  that  the  Moon  was  a 
disrupted  fragment  of  the  Earth  which  had  assumed  its  present  position  owing  to  the  action  of  tidal 
friction.  We  are  now  to  enter  into  this  fascinating  theory  in  greater  detail.  It  must  be  stated 
that  Darwin  arrived  at  his  ideas  by  considering  the  present  condition  of  the  Earth  and  Moon, 
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THE    BORE    ON    THE    RIVER    TSIEN-TAXG-KIANG,   CHINA. 

In  some  rivers,  owing  to  contraction  of  the  estuary,  the  tide    risss  very  abruptly  as   a  great  wave, 

dangerous  to  navigation.    The  picture  helps  us  to  reaUse  the  magnitude  of  the  tidal  forces. 


and  then 
working  back- 
wards to  the 
period  in  the 
distant  past 
when  Earth 
rotated  and 
Moon  r  e- 
volved  in  the 
same  short 
time.  He 
merely  threw 
out  as  a  sug- 
gestion that 
the  Moon  was 
born  from  the 
Earth.  How- 
ever, this  idea 
is  such  a 
natural  and 
simple  ex- 
tension of  the 
picture  which  he  has  already  adopted  as  proved,  that  it  seems  to  belong  to  the  theory. 

We  will  therefore  start  by  considering  the  system  as  a  single  body  in  a  molten  condition  rotating 
in  three  to  four  hours.  This  rapid  turning  motion  set  up  a  strong  outward  force — known  as  centrifugal 
force — which  tended  to  counterbalance  gravitation  in  the  regions  near  the  equator.  Probably 
this  force  was  not  in  itself  sufficient  to  enable  any  part  of  the  Earth  to  tear  itself  away  from  the  whole. 
But  another  cause  may  have  helped  it. 

The  solar  tides  acting  on  the  molten  Earth  set  up  in  it  a  vibration  with  a  period  of  half  a  day,  which 
in  these  times  was  something  under  two  hours.  Now  it  may  be  shown  mathematically  that  the 
natural  or  free  period  of  oscillation  of  a  liquid  globe  of  the  same  materials  and  density  throughout 
is  about  one  and  a  half  hours.  The  fact  that  the  mass  of  the  Earth  is  unevenly  distributed  complicates 
matters  to  some  extent.  But  when  allowances  have  been  made  it  seems  likely  that  this  free  period 
of  vibration  for  the  Earth's  molten  mass  was  of  roughly  the  same  period  as  the  forced  oscillation 
set  up  by  the  tides.  If  this  was  the  case  the  amplitude  of  the  total  vibration  must  have  become  very 
large  at  intervals.  It  is  on  a  similar  principle  that  soldiers  are  not  allowed  to  cross  suspension  bridges 
in  step  with  one  another.  By  doing  so  they  would  produce  vibrations  of  the  same  phase  and  pejfiod, 
which  would  add  together  to  produce  one  of  very  large  amplitude.  In  our  case  at  one  of  the  greatest 
high  tides  thus  produced,  equilibrium  may  have  been  broken,  and  a  large  fragment  thrown  off. 

The  Earth  may  thus  have  passed  through  the  shapes  illustrated  in  Chapter  I — from  spherical 
becoming  in  turn  spheroidal,  pear-shaped,  and  finally  dividing  off  in  the  manner  indicated.  The 
question  arises  as  to  what  happened  to  the  larger  fragment.  Did  it  show  no  after  signs  of  the 
tremendous  catastrophe  ?  The  process,  as  we  have  mentioned,  probably  took  place  when  the  Earth 
was  molten.  It  would  therefore  resume  its  natural  spheroidal  shape  after  a  short  period.  But  Pro- 
fessor Pickering  threw  out  the  tentative  suggestion,  which  cannot  be  voted  altogether  impossible,  that 
the  cavity  of  the  Pacific  Ocean  is  the  remnant  of  the  hollow  from  which  the  Moon  issued.  On  his 
view  the  American  Continent  was  produced  by  a  great  landslide  towards  the  chasm.  An  enormous 
crack  was  thus  formed  which  is  now  filled  by  the  Atlantic  Ocean. 

To  resume  our  story.  The  smaller  fragment  cannot  have  existed  as  a  single  large  body  at  first. 
It  must  have  consisted  of  an  aggregate  of  particles  perhaps  arranged  in  a  fashion  similar  to  Saturn's 
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Rings.  Some  unknown  inequality  must  have  made  it  begin  to  consolidate  on  one  side  of  the  Earth. 
There  is  here  a  gap  or  weak  point  in  our  theory  in  that  it  gives  no  hint  as  to  how  the  consolidation 
took  place.  Indeed,  as  we  shall  see  later,  this  cannot  have  been  complete  until  the  matter  had  been 
pushed  out  a  distance  of  11 ,000  miles  or  over.  It  is  probably  more  honest  to  admit  that  some  imknown 
cause  must  have  assisted  both  the  outward  movement  and  the  consolidation. 

We  take  up  our  thread  again  with  a  single  body,  which  we  can  now  call  the  Moon,  close  to  the 
Earth,  revolving  round  it  rapidly,  and  at  the  same  time  rotating  on  its  own  axis. 

At  first  the  Earth's  day  and  the  Moon's  month  must  have  been  of  exactly  equal  length.  This 
state  of  affairs  was,  however,  unstable.  A  slight  disturbance  caused  the  Mpon's  speed  of  revolution 
to  diminish.  It  thus  began  to  cross  the  Earth's  equator  from  east  to  west,  and  tidal  friction  began 
to  have  its  play. 

The  Figure  on  page  249  is  a  plan  of  the  system  we  are  considering.  The  circle  E  represents  the 
undistorted  Earth,  and  the  ellipse  the 
shape  which  the  tidal  action  of  the  Moon 
has  made  it  assume.  The  arc  MiMg  is 
part  of  the  orbit  of  the  Moon,  which  at 
this  stage  was  practically  circular. 

Taking  the  Moon  to  be  at  Mg  the 
Earth  would  adjust  its  shape  to  that 
of  the  ellipse  shown  if  there  were  no 
friction.  The  effect  of  the  friction  is 
that  the  distortion  does  not  change 
quite  quickly  enough.  Since  the  Earth 
rotates  more  rapidly  than  the  Moon 
revolves  it  carries  the  distorted  shaf)e  a 
little  bit  in  front  of  the  Moon.  In  our 
diagram  this  is  indicated,  for  simplicity, 
by  supposing  that  the  Moon  has  only 
got  to  Ml  and  the  Earth  is  still  the 
ellipse  shown.  The  relative  positions 
of  Moon  and  Earth  are  occupied  with 
approximate  rigidity  as  the  system  re- 
volves about  O,  the  centre  of  the  Earth. 

We  thus  have  to  consider  how  the 
Moon  will  act  on  the  unsymmetrical 
mass  shown  in  the  diagram.  By  choos- 
ing our  masses  suitably  we  can  replace 
the  inequalities  in  the  Earth's  shape  by 
particles  of  equal  mass  at  the  points 
Pi,  P2  on  the  axis  of  the  ellipse.  The 
Moon  acts  on  the  particles  with  a  force 
depending  directly  on  the  masses,  and 
inversely  on  the  squares  of  their  dis- 
tances from  it.  As  the  masses  are  equal 
the  attraction  on  that  at  P^  is  the 
greater  of  the  two. 

Now  MxPi,  M1P2,  the  hnes  of  action      diagr.\m  illustrating  the  distance  of  the  moon 
of  these  forces,  are  seen  to  be  on  opposite  from  the  earth. 

sides  of  M  O    the  line  ioining  the  Moon        ^'"^  illustration  shows  thirty  Earths  spanning  the  distance  to  the  Moon, 
^     '  Jo  amj  states  the  times  that  objects  moving  at  certain  speeds  would  require 

to  the  Earth's  centre.       Hence  the  force  to  reach  the  Moon  (the  speed  being  supposed  constant). 


y 
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at  Pi  is  hindering  the  Earth's  rotation  and  that  at  P2  is  helping  it.     Since  the  first  of  these  is  the  greater, 
the  total  effect  is  that  the  Earth's  rotation  is  slowed  down  slightly. 

Again,  action  and  reaction  being  equal  and  opposite,  the  Moon  of  course  is  acted  on  by  the  particles. 
The  force  in  the  direction  MjFj  is  helping  its  onward  motion  ;  that  in  the  direction  M^Pg  is  hindering 
it.    The  total  effect  is  thus,  in  this  case,  to  increase  its  speed. 

Paradoxical  as  it  may  seem,  the  effect  of  this  momentary  increase  of  speed  is  to  push  the  Moon 
outwards  and  e^^entually  to  reduce  its  speed  below  what  it  was  before.  When  the  speed  increases 
the  tendency  which  it  has  owing  to  gravity  to  drop  in  towards  the  Earth  is  lessened.  It  thus  moves 
outwcu^ds  somewhat  in  the  manner  shown  in  the  diagram,  page  252  (top).  As  soon  as  it  has  done  this 
the  attraction  of  the  Earth  ceases  to  be  at  right  angles  to  its  motion  and,  instead,  acts  in  a  backward 
direction,  thus  retarding  its  speed.     This  final  effect  overcomes  and  replaces  the  original  increase  of 

speed — for  the  direct  action  of  the  Earth 
is  far  greater  than  the  tidal  forces  that 
caused  that  increase. 

This  double  process — the  slowing 
down  of  the  Earth  and  the  pushing  out 
of  the  Moon — once  started  must,  unless 
disturbed,  have  continued  for  countless 
ages.  In  the  early  times  when  Earth 
and  Moon  were  both  fluid  and  very 
close  to  one  another  the  tidal  action 
must  have  been  many  times  what  it 
is  at  present.  Indeed,  the  efficiency  of 
our  slowing  down  process  depends  on 
the  distance  in  a  startUng  manner.  We 
have  seen  that  the  tide-raising  power, 
and  hence  the  amount  of  distortion, 
varies  as  the  inverse  cube  of  the  distance 
of  the  disturbing  body.  But  the  actions 
and  reactions  that  produced  the  re- 
tardation, depending,  as  they  do,  on 
the  difference  between  two  nearly  equal 
forces,  themselves  constitute  a  tidal 
effect.  Their  magnitude  therefore  also 
varies  as  the  inverse  cube  of  the  distance 
of  the  Moon  from  the  Earth.  The  total 
effect  must  depend  on  the  product  of 
these  two  factors  of  change,  and  thus 
varies  as  the  inverse  sixth  power  of  the  distance.  When  the  Moon  has  doubled  its  distance,  its  tidal 
friction  efficiency  has  become  scarcely  one-sixtieth  of  what  it  previously  was. 

The  retardation,  which  was  probably  rapid  at  first,  thus  suffered  from  its  own  excesses,  and  quickly 
became  a  very  slow  process.  It  must  be  noted  that  our  account  has  assumed  the  elementary  or 
equiUbrium  theory  of  the  tides,  for  we  have  taken  high  water  to  be  under  and  opposite  to  the  Moon. 
As  has  already  been  mentioned  in  the  first  section  of  this  chapter,  this  neglects  to  take  account  of  the 
rapid  motion  of  the  water  in  the  tides.  On  the  d3mamical  theory  the  position  of  high  -water  depends 
on  the  depth  of  the  fluid.  In  the  case  of  very  deep  fluid  the  high  water  is  still  under  the  Moon.  In 
the  case  of  shallow  liquid  the  reverse  actually  holds,  and  we  get  low  water  in  the  place  of  high. 
Present  day  conditions  are  so  very  complicated  that  none  of  these  theories  is  in  any  way  complete. 
But  in  the  oceans — away  from  the  interference  of  land — it  has  been  found  that  our  simple  theory  is 
nearest  to  the  facts. 


.  Greenwich  Observatory]  [By  permission  of   the  Astronomer  Royal. 

THE  EARTH-SHINE  ON  THE  MOON  PHOTOGRAPHED. 

By  giving  a  prolonged  exposure  the  earth-lit  portion  can  be  clearly  seen 

and  the  so-called  "  seas  "  are  fainUy  indicated.    The  bright  crescent  is 

over-exposed  and  shows  no  detail.    This  photograph  helps  us  to  realise 

that  our  Earth  is  a  shining  orb. 
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CONJUNXTION  OF    MARS    AND  THE  JIOON,, 

SEPTEMBER    28,    1909. 

The    Moon    in    her    monthly    ciieuit    of    the    sky 

necessarily  passes  near   all   the  planets.     Some  of 

these   conjunctions    are    closer    than    others ;     at 

times  the  planet  is  actually  hidden  by  the  Moon. 


However,    the    phenomena    of    retardation    do    not 

depend  on  this.     For  it  may  be  shown  that  the  effect 

of  fluid  friction  in  a  shallow  ocean  is  to  throw  the  pro- 
tuberances backwards.     This  case  is  illustrated  in  the 

second  Figure,  page  252.     Here  the  Moon  is  at  M  and 

the  tidal  distortions  supposed  concentrated  equally  at 

Pj,  Pg.    The  attracting  force  in  MPj  is  the  greater  of  the 

two,  and  this  again  is  hindering  the  rotation.    Thus  here 

also  we  find  that  the  Earth's  rotation  slows  down  and 

consequently  the  Moon  is  pushed  out. 

In  the  early  stages.   Earth  and   Moon  being  fluid 

throughout — or  at  all  events  to  a  great  depth — we  see 

that  we  were  justified  in  assuming  high  tides  to  be  under 

the  Moon.     Our  last  argument  shows  that  the  process 

would  continue  in  the  same  manner,  though  with  much 

reduced  energy,  even  after  the  planets  had  solidified. 

It  is  interesting  to  note  that  after  the  crust  formed,  the 

solid  Earth  continued  to  have  a  small  tide  of  its  own. 

The  extent  of  this  has  actually  been  measured  by  means 

of  Michelson's  interferometer. 

The  Moon,  we  have  said,  had  originally  a  rapid  rotation  of  its  own.     This  also  was  affected  by  tidal 

friction.     Indeed,  since  the  attracting  body,  the  Earth,  is  eighty-one  times  as  heavy  as  the  Moon,  the 

retardation  was  very  much  more  speedy.     Further,  an  additional  cause  was  provided  tending  to 

separate  Earth  and  Moon. 

One  of  the  consequences  of  the  theory  is  that  the  Moon  must  once  have  possessed  an  atmosphere 

and    great    internal    heat.     This    may   perhaps   have    been  preserved    till    after    its    solidification, 

in  which  case  we  can  account  for  the  mighty  volcanoes  which  cover  its  surface. 

We  follow  the  receding  Moon 
outwards  in  space  through  its 
career  of  countless  ages.  The 
month  continues  to  increase,  as 
also  does  the  Earth's  day.  But 
the  former  change  is  more  rapid. 
When  we  began  our  history  the 
two  periods  were  almost  exactly 
equal.  As  time  passed  the  month 
became  two,  three,  ten,  days, 
while  the  day  itself  changed 
greatly  from  its  original  five  hours. 
A  crisis  arrived  when  the  month 
became  twenty-nine  days  long. 
Here,  calculation  shows,  the  max- 
imum length  of  the  month  as 
compared  with  the  day  was 
reached. 

Although  this  state  was  at- 
tained at  some  nameless  age  in 
the  past — probably  only  to  be 
reckoned  in  tens  of  millions  of 
years — we    see    that    it    is    a 


DIAGRAM  ILI.USTRATING  THE  RETARD.4T10N  PRODUCED 
BY  TIDAX,  FRICTION. 
In  this  figure  the  high  tides  are  shown  under  and  opposite  to  the  Moon.  The 
distorted  shape  of  the  Earth's  equator  is  shown  by  the  ellipse.  The  arc  M  on 
the  left  is  part  of  the  Moon 's  orbit.  Owing  to  the  Earth 's  rotation  the  pro- 
tuberance is  carried  a  Uttle  beyond  the  Moon.  In  this  way  unequal  forces  are 
set  up  in  the  lines MjPj,  MjP^;  the  retarding  force,  that  inMjPj,  predominates; 
and  the  Earth  is  slowed  down. 
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comparatively  late  epoch  in  the  history  of  the  system.  Afterwards  we  find  the  same  retarding  process 
going  on  ever  more  slowly.  The  month  and  the  day  are  still  lengthening.  But  now  the  day  changes 
the  more  quickly.    The  number  of  days  in  the  month  thus  begins  to  diminish. 

We  are  gradually  brought  to  our  present  period,  of  which  the  reign  of  mankind  on  the  Earth  is 
but  a  brief  episode.  Within  the  time  during  which  man  has  made  observations  of  such  prominent 
phenomena  as  eclipses,  the  month  and  the  day  have  suffered  no  apparent  change.  If  change  is  to 
be  measured,  it  must  of  course  be  shown  by  a  slight  alteration  in  the  motions  of  the  stars.  It  might 
be  supposed  that  ancient  observations  were  too  inaccurate  for  us  to  base  any  calculation  upon.  But 
in  the  case  of  eclipses  the  place  of  observation,  giving  the  exact  position  of  the  shadow  cone  of  a 
known  eclipse,  affords  that  element  of  precision  which  would  generally  be  missing.  The  data  of  the 
eclipse  can  be  cast  back  with  the  greatest  accuracy,  if  we  assume  the  familiar  laws  of  geometry  and 
mechanics.  In  this  way  the  narrow  track  of  totality  can  be  compared  with  the  bare  mention  of 
darkness  at  a  given  place  by  some  ancient  observer.     As  we  shall  mention  later,  the  work  of  Cowell 


ROCHE'S  FIGURE    OF    A    SATEI,I.ITE    WHEN    ABOUT  TO    BREAK    UP    UNDER  THE  TIDAl, 

INFLUENCE    OF    ITS    PRIMARY. 

In  the  case  illustrated  the  satellite  and  the   primary  are  supposed  to  be  of  equal  density.     The  nearest  safe  distance 

separating  them  is  then  two  and  five-elevenths  of  the  planet 's  radius. 


has  seemed  to  indicate  a  slight  retardation  in  the  Earth's  rotation,  but  the  amount  of  change  in  the 
length  of  the  month  is  almost  inconceivably  small. 

The  following  table  will  form  a  useful  summing  up  of  the  account  we  have  so  far  given.  The 
dates  in  millions  of  years  should  probably  be  multiplied  by  five  or  ten.  We  have  no  means  of  deter- 
mining them  absolutely.  Darwin  calculated  them  by  assuming  "  that  tidal  friction  always  operated 
under  the  conditions  most  favourable  for  rapid  change." 


Time  in  millions 

of  years 

(dating  backwards). 

Sidereal  day  in  Mean 

Moon's 

sidereal 

period 

Number  of    sidereal 

Moon's   distance  in 

Solar  hours. 

in 

Mean  Solar  days. 

days 

in  month. 

Earth's  mean  radii. 

h. 

d. 

d. 

0  00 

23-93 

27-32 

27-40 

60-4 

46-30 

15-30 

18-62 

28-83 

46-8 

6660 

9-92 

8-17 

19-77 

27-0 

68-80 

7-83 

3-59 

11-01 

166 

56-81 

6-75 

1-58 

5-62                ' 

9-0 

"^^ 

5-60 

0-23 

1-00                i 

1-6 

To  Sun 


EARTH'S  CENTRE 

Full  Moon 
.. X— — _ 


EARTH'S  CENTRE)IC    J' 
Last  Quarter 


^HEARTH'S  CENTRE 
I    First  Quarter    | 


It  is  not  strictly  accurate  to  speak  of  one  body  travelling  round  another  under  gravitation,  In  reality  each  travels  round 
the  common  centre  of  gravity.  In  the  case  of  the  Earth  and  Moon,  the  ratio  of  masses  is  81  to  1,  and  the  centre  of  gravity 
is  three  thousand  miles  from  the  Earth's  centre.  At  Full  Moon  the  Earth  is  on  the  sunward  side  of  the  centre  of  gravity, 
at  New  Moon  on  the  opposite  side.  This  motion  causes  the  Sun  to  appear  six  and  a  half  seconds  of  arc  in  front  of  its 
average  place  at  the  Moon's  First  Quarter,  and  an  equal  amount  behind  it  at  the  tast  Quarter. 
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THK  MOOX  MO\ING  AWAY  FRO:\i 
THE  EARTH. 
When  the  Moon's  velocity  at  Mj  is  increased,  its  path 
approaches  more  nearly  to  the  direction  MjTj  of  its 
motion.  It  thus  moves  outwards  along  the  track  MjM^. 
.\t  Mj  its  direction  of  motion  is  M^T^.  The  attracting 
force  in  the  line  M^E  is  seen  to  be  retarding  its  speed. 
As  we  have  mentioned  m  the  text  this  retardation  is 
the  resultant  effect. 


We  do  not  stop  here.    As  the  httle  brook  falling 

down  a  gentle  slope  eventually  digs  for  itself  a  valley 

many  hundreds  of  feet  deep,  so  do  the  inexorable  laws 

of    tidal    friction    produce    their    far    vaster   effects. 

Month   and  day  will  still  lengthen,   the  latter  still 

doing  so  the  more  rapidly.     We  pass  over  a  gap  of 

time    compared    with    which    the    history    we    have 

already  traced  must  be  scarcely  more  than  an  hour 

in  a  century.    And  at  last  we  reach  an  epoch  in  which 

day  and  month  are  once  more  equal  in  length.    Each 

now  occupies  a  period  measured  by  fifty-five  of  our 

days. 

A  strange  state  of  affairs  it  is.    The  Moon  remains 

rigid  in  the  heavens.    Night  and  day  it  hangs  over 

the  same   spot,   shifting  but   slightly  owing  to   the 

irregularity  of  its  motion.     The  Earth's  own  night 

must   plunge  half  its  surface  into  the  temperature 

experienced    by    the    Antarctic    plateau   during    its 

winter. 

This  is  the  state  which  the  Moon  has  already,  and 

for  a  long  time,  reached.     The  fact  that  we  can  see 

that  it  has  done  so,  is  a  strong  corroboration  of  our 

theory.     The  fact  would  be   utterly  unaccountable 

without  the  assumption  of  tidal  friction. 

It  might  be  thought  that  the  great  process  is  at  last  ended.      But  this  is  not   the  case.      The 

Earth  is  still  rotating  slowly  relatively  to  the   Sun.      The  Sun  continues  to  produce  its  somewhat 

weaker  tides.    Tidal  friction  thus  still  has  its  action  :  and  the  Earth's  rotation  is  further  retarded. 

A  new  state  of  affairs 
arises.  The  day  is  longer 
than  the  month.  The 
friction  thus  causes  the 
protuberance  to  be  left  a 
little  behind  the  Moon.  In 
the  diagram  on  page  249, 
this  can  be  illustrated  by 
placing  the  Moon  at  Mg. 
It  is  now  seen  that  the  re- 
sultant effect  is  to  quicken 
the  Earth's  rotation  and 
consequently  to  bring  the 
Moon  inwards. 

This  effect,  though 
mentioned  by  Darwin, 
could  only  be  inconceivably 
weak.  It  is  a  matter  of 
dispute  whether  in  the  case 
^"^^'  "'"^-  ^■^"'^^^  'T"'^  f/°°^-  ,     ,      ,,  of  the  Earth-Moon  system 

This  diagram  illustrates  the  case  which  occurs  in  a  shallow  ocean,  when  low  tides  are  •         n       i  n    -n. 

under  and  opposite  to  the   Moon.     Calculation   shows  that  here  the   effect   of   tidal  it  Will  take  place  at  all.  The 

friction  is  to  throw  the  protuberances  backwards.     The  action  on   the  Ejirth's  rotation  slightest  disturbance  WOuld 

depemls  on  the  difference  between  the  forces  in  MP,,  MP^.      That  in   MP,    being  the  '    °  -a 

greater  the  total  effect  is  again  retardation.  Counterbalance  its  influence. 
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This  indeed  is  one  of  the  differences  between  the  first  period  of  rapid  motion  and  this  final  period 
— the  two  epochs  of  our  history  in  which  day  and  month  are  equal.  The  former  state  was  unstable, 
the  slightest  disturbing  cause  being,  as  we  have  seen,  sufficient  to  upset  it,  and  to  lead  without 
intermission  to  the  most  tremendous  changes.  Unstable  equilibrium  or  steady  motion  can  never 
last.  A  pencil  balanced  on  a  knife-edge  illustrates  this  point.  It  will  be  found  impossible  to  keep  it 
at  rest  for  any  length  of  time.  On  the  other  hand,  the  last  dreary  state  which  we  have  foreseen,  is 
by  its  nature  stable,  and  small  displacements  will  be  followed  by  a  return  to  the  starting  point.  A 
familiar  example  is  a  ball  rolling  in  a  fairly  smooth  hemispherical  bowl. 

Wells,  in  his  romance  "  The  Time  Machine,"  has  drawn  a  wonderful  picture  of  the  Earth  in  those 
far-off  days.  He  has  much  under-estimated  the  time  required,  but  his  inspiration  is  entirely  drawn 
from  the  tidal  theory.  He  imagines  the  Earth  as  having  reached  the  stage  when  it  turns  one  face 
to  the  Sun.  "  The  huge  red-hot  dome  of  the  Sun  has  come  to  obscure  nearly  one-tenth  of  the  heavens." 
But  it  gives  out  little  heat.  It  is  very  near 
the  Earth,  for  a  resisting  medium  has 
drawn  the  latter  inwards. 

The  scene  of  the  desolate  beach  with 
the  crab-like  creatures  crawling  about  it  ; 
of  the  stiU,  tideless,  ocean  ;  and  of  the 
tiny  flakes  falling  in  the  gathering  gloom, 
is  irresistibly  vivid.  We  owe  no  small 
debt  to  our  theory  for  having  provided 
the  materials  for  this  powerful  work  of  art. 

I  mentioned  that  it  was  in  dispute 
whether  the  Moon  would  begin  to  return 
to  the  Earth  as  soon  as  the  day  became 
longer  than  the  month.  There  is  one  case 
in  the  Solar  System  of  a  satellite  taking 
less  time  to  revolve  round  its  primary 
than  the  latter  takes  to  rotate  on  its  axis. 
This  is  Phobos,  whose  month  is  seven 
hours,  as  compared  with  the  Martian  day 
of  just  over  twenty-four  hours.  Though 
Phobos  is  much  less  massive  than  the 
Moon  it  is  also  far  nearer.  A  simple 
calculation,  on  the  basis  that  the  tidal 
friction  effect  varies  as  the  inverse  sixth 
jxjwer  of  the  distance  shows  that  its  power 
in  this  process  is  actually  greater  than 
that  of  the  Moon.     It  therefore  seems  a 

certain  conclusion  that  it  must  be  approaching  Mars  and  at  the  same  time  increasing  its  speed.  One 
day  it  will  perhaps  fall  upon  the  planet,  its  final  approach  being  accelerated  by  the  resistance  of  the 
latter's  atmosphere. 

Various  other  phenomena  in  the  Solar  System  afford  illustrations  of  parts  of  our  theory.  Markings 
observed  on  some  of  the  satellites  of  the  giant  planets  seem  to  indicate  that  they  turn  one  face  to 
their  primary.     The  great  mass  of  these  planets  makes  it  probable  that  this  would  happen. 

The  case  of  Venus  and  Mercury  has  already  been  dealt  with  in  Chapter  II.  If  the  suggestion 
that  Mercury  is  an  escaped  satellite  of  Venus  is  sound,  there  is  further  valuable  confirmation  of  our 
theory.  The  solar  tides,  unaided  by  a  satellite,  should  not  have  been  sufficient  to  slow  down  Venus's 
rotation  to  the  condition  apparently  observed.  But  the  mutual  action  of  planet  and  satellite  would 
have  had  a  powerful  retarding  power  on  each. 


EARTH-I,IT    NEW    MOON,    FEBRUARY    17,    1907. 

"  The  Old  Moon  in  the  New  Moon's  Arms." 

.\%  stated  in  the  text,  it  is  possible  to  see  a  considerable  amount  of  detail 

on  the  Earth-lit  Mrx)n.      The  picture,  however,  somewhat  exaggerates 

the  clearness  with  which  it  can  be  seen. 
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We  have  now  to  mention  an  interesting  kindred  effect  which  is  illustrated,  so  far  as  we  know, 
by  only  one  body — or  rather  aggregate  of  bodies — in  the  universe,  namely,  Saturn's  Rings.  These 
will  be  described  in  detail  in  the  Chapter  on  Saturn.  Here,  we  are  simply  concerned  with  the  fact 
that  they  arc  not  single  annular  forms  held  rigidly  together  above  the  equator.  Clerk-Maxwell  showed 
conclusively  that  they  must  consist  of  multitudes  of  small  particles  revolving  about  the  primarj- 
with  speeds  depending  on  their  distances  from  it. 

The  tidal  theory  provides  a  plausible  explanation  of  the  existence  of  these  strange  objects. 
For  clearness,  we  will  imagine  a  large  satellite  being  brought  closer  and  closer  to  its  primary.     We 

say  large,  because  in  this  case  the  forces  of  cohesion — 
that  is  the  resistances  which  rocks  offer  when  we  try 
to  pull  them  asunder — become  negligible  compared  with 
the  mutual  gravitation  of  its  particles.  The  shape  is 
thus  practically  spherical — or  rather,  spheroidal.  As  the 
body  approaches  its  primary,  the  tidal  forces  become 
greater  and  greater,  and  the  form  which  it  is  made  to 
assume  by  rotation  becomes  more  and  more  elongated. 
Professor  Roche  has  shown  that  if  this  elongation 
becomes  too  great,  instability  will  set  in,  and  the  satellite 
break  into  small  fragments. 

As  a  matter  of  fact,  it  is  improbable  that  Saturn's 
Rings  have  ever  existed  as  a  single  large  body.  But 
obviously  the  forces  that  would  have  broken  it  up,  had 
it  been  there,  are  acting  as  an  effectual  check  against 
it  forming.  As  we  mentioned  in  the  case  of  the  Moon, 
it  is  a  little  difficult  to  see  how  it  could  even  begin  to 
consolidate.  Some  external  disturbance  might  tend  to 
make  the  particles  collect  on  one  side.  In  this  manner 
the  effects  of  tidal  retardation  might  set  in  and  it  might 
be  pushed  outside  the  danger  zone. 

The  least  distance  at  which  a  satellite  can  safely 
revolve  round  its  primary  is  known  as  Roche's  Limit. 
It  depends  on  the  relative  densities  of  the  pair.  If  they 
have  the  same  density  the  satellite  cannot  exist  closer 
to  the  planet's  centre  than  two  and  five-elevenths  of 
the  latter's  radius.  The  denser  the  satelUte  the  nearer 
it  can  safely  go.  This  is  as  we  should  expect,  for  the 
attraction  that  its  particles  exert  on  one  another 
becomes  relatively  greater.  In  the  case  of  the  Moon, 
which  is  less  compact  than  the  Earth,  the  critical 
distance  is  2-87  Earth's  radii,  or  about  11,000  miles. 

Phobos  actually  revolves  at  a  distance  of  only  2-75 
radii  from  the  centre  of  Mars.  Apparently,  therefore, 
it  is  in  dangerous  circumstances.  However,  it  has 
carelessly  been  assumed  that  it  is  of  a  sufficiently  large  size  for  the  forces  of  cohesion  to  be  neglected. 
Dr.  Fountain  has  lately  worked  out,  that  assuming  Phobos's  rock  had  the  consistency  of  brick,  it 
could  come  down  to  Mars's  surface  without  being  broken  up.  This,  indeed,  is  a  natural  conclusion, 
for  it  is  of  the  same  order  of  size  as  some  of  our  great  mountain  chains.  These,  fortunately  for  us, 
show  no  signs  of  wanting  to  tumble  over.  In  this  connection  again  it  seems  probable  that  some  of 
the  minor  planets  are  of  irregular  shapes.  Allowing  this,  we  can  explain  their  puzzling  changes  of 
brightness  in  different  parts  of  their  orbits. 


CYRANO  DE  BKRGKR.\C'S  FIJGHT  TO 

THE  MOON. 

{From  an  old  engraving.) 

One  of  Uie  many  imaginary  flights  to   tlie  Moon 

that   occur  in   romances.      The  writer   forgot  that 

our  atmosphere  extends  for  only  a  few  miles  above 

the  Earth's  surface.     The  artist    h<is   drawii    the 

Moon  Hull,  though  near  the  Sun. 
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There  remains  to  be  considered  some  of  the  minor  effects  that  the  tidal  theory  must  have  had 
on  the  development  of  Earth  and  Moon.  It  has  been  objected  that  since  the  present  figure  of 
the  Earth  is  very  well  adapted  to  its  speed  of  rotation,  i.e.,  that  the  bulge  at  the  equator  is  of  the 
amount  required  to  put  no  strain  on  the  Earth,  it  cannot  have  slowed  down  to  any  appreciable 
extent  since  it  became  solid.  It  is  true  that  the  Earth  is  for  ordinary  purposes  more  rigid  than 
steel.  But  Darwin  considered  that  in  the  case  of  the  enormous  centrifugal  strains  which  its 
rotation  produced,  it  became  plastic,  and  continued  to  adjust  itself  to  the  right  shape,  as  though 
it  were  a  fluid. 

Geology  affords  no  positive  support  to  the  theory,  unless  we  accept  Pickering's  bold  guess  that  the 
monsters  of  the  Mesozoic  Age  were  enabled  to  move  about  freely  because  at  the  equator  the  powerful 
centrifugal  force  counterbalanced  a  good  deal  of  the  gravitational  attraction.  But,  on  more  definite 
evidence,  it  is  significant  that  the  geologists  can  bring  no  logical  arguments  against  the  hypothesis. 

The  following  astrono- 
mical facts  have  now  to  be 
considered :  (1)  that  the 
Moon's  orbit  is  not  circular, 
but  elliptic;  (2)  that  its 
plane  of  motion  is  inclined 
to  the  ecliptic ;  and  (3) 
that  the  Earth's  equator  is 
oblique  to  the  Moon's  orbit. 
Each  of  these  has  interesting 
side  effects  on  our  theory. 
Taking  (1)  first,  we  find  that 
the  effect  of  tidal  friction  is 
to  change  the  degree  of 
eccentricity.  We  have  seen 
that  tidal  reaction  tends 
to  increase  the  Moon's  dis- 
tance from  the  Earth.  Now 
this  reaction  is  strongest 
when  the  Moon  is  nearest  to 
us.  The  effect  at  this 
closest  point,  the  perigee, 
is  thus  greater  than  at 
apogee,  the  farthest  point. 
The  first  effect  tends  to 
increase  the  greatest  dis- 
tance, the  second,  the  least 
distance.     And  as  the  first 

effect  is  the  greater,  the  orbit  expands,  at  the  same  time  becoming  more  elliptic.    Calculation  shows 
that  originally  it  must  have  been  nearly  circular. 

The  effect  of  (2)  may  have  some  bearing  on  cosmogony.  It  is  found  to  depend  in  a  remarkable 
manner  on  the  number  of  days  in  the  month.  At  present  and  for  a  long  time  past  it  has  caused  the 
obliquity  of  the  ecliptic  to  increase.  (Of  course  we  are  leaving  out  of  account  the  calculable  periodic 
effect  of  the  planets  upon  the  obliquity.)  But  on  going  back  to  the  time  when  the  day  was  six  and 
the  month  twelve  of  our  present  hours,  we  find  that  this  tendency  has  ceased.  In  other  words,  if 
there  are  more  than  two  days  in  a  month  the  obliquity  will  increase ;  if  less  than  two  it  will  diminish. 

The  rate  of  increase  or  decrease  depends  directly  on  the  amount  of  obliquity  at  the  time  concerned. 
If  then  a  planet  such  as  Jupiter  be  spinning  about  a  line  exactly  perpendicular  to    the  plane  of  its 


[From  Picatt's  "  Cdr^monies  et  Coutumes  religieuses,"  1723. 

VUIX,   MOON    CEREMONIES   AMONG    THE  KAFFIRS. 

.\s  in  ancient  times  so  still  among  savage  peoples,  celestial  phenomena  are  regarded  with 

much  superstitious  awe.     Kaffirs  and  Bushmen  celebrate  the  New  and   Full  Moon  with 

peculiar  ceremonies  and  important  tribal  assemblies. 
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orbit,  there  is  no  tendency  for  this  state  to 
change.  We  cannot,  by  this  means,  explain 
the  whole  twenty-three  and  a  half  degrees  of 
our  present  obliquity.  Calculation  shows  that 
when  the  month  was  two  days  long  the 
obliquity  was  still  eleven  degrees.  Moreover, 
it  is  impossible  to  explain  the  considerable 
obliquities  of  some  of  the  other  planets  to  their 
orbital  planes.  We  must  therefore  admit  the 
action  of  some  unknown  cause  which  started 
the  planets  in   oblique   positions. 

The  third  fact,  namely,  that  the  Moon 
moves  in  an  orbit  inclined  to  the  equator, 
produces  effects  too  complicated  for  us  to 
describe  in  detail.  As  we  have  seen,  the 
Moon  started  to  revolve  in  the  plane  of  the 
equator.  The  effect  of  tidal  friction  has  been 
to  make  its  plane  of  motion  approach  the 
ecliptic.  At  the  present  time  it  is  inclined  to 
the  latter  at  the  small  angle  of  five  degrees. 
It  was  mentioned  that  there  were  no 
signs  of  retardation  in  the  Earth's  rotation 
during  historical  times.  Recently,  however, 
two  indications'  of  this  have  been  found. 

In  the  first  place  it  has  been  found 
necessary  to  postulate  an  apparent  accelera- 
tion in  the  Moon's  motion.  This  is  of 
course  due  to  a  retardation  of  the  Earth's  speed  of  rotation.  Against  it,  we  have  to  remember  that 
the  month  is  also  lengthening  ;  but  this  is  happening  much  more  slowly,  so  that  the  net  result  is 
the  acceleration  observed. 

In  the  second  place,  observation  has  shown  that  Mars's  rotation  is,  if  anything,  quickening.  Now 
there  are  no  seas  on  Mars,  so  that,  though  it  is  subject  to  the  relatively  powerful  tidal  accelerating 
fKJwer  due  to  Phobos,  this  can  merely  act  on  the  slight  "  land  "  tide  and  is  probably  small.  It 
seems  then  possible  that  the  apparent  increase  of  speed  is  partially  due  to  the  fact  that  the  Earth's 
rotation,  our  usual  standard,  is  slowing  down. 

It  has  perhaps  seemed  strange  that  on  these  slight  observed  data — and  indeed  without  them, 
for  they  are  recent  discoveries — such  an  elaborate  history  as  ours  should  have  been  possible. 
However,  to  take  a  familiar  example,  we  may  note  that  we  know  the  succession  of  stations  between 
London  and  Edinburgh,  even  though  we  have  no  time-table.  Indeed,  this  is  the  type  of  chronology 
that  science  provides.  In  geology  we  cannot  reckon  the  advent  of,  say,  the  Cainozoic  epoch  even 
in  round  millions  of  years.  But  we  can  give  an  exact  list  of  the  order  of  formations  and  organisms 
from  the  dim  and  distant  days  of  trilobites  to  the  arrival  of  man. 

We  have  to  sum  up  the  place  of  our  theory  as  a  part  of  the  world's  knowledge.  I  do  not  approve 
of  excessive  philosophising  upon  its  conclusions.  To  argue  about  the  inexorable  rigidity  and  sureness 
of  Nature's  processes  seems  to  me  futile.  We  cannot  foresee  what  sudden  external  force  might 
upset  the  whole  tenuous  structure  which  we  have  built  up. 

The  theory  is  a  typical  piece  of  science.  We  owe  it  a  debt  partially  for  the  food  it  gives  to  the 
imagination  ;  and  yet  more  for  the  logical  symmetry  and  beauty  of  the  final  product.  Whether  it 
turns  out  to  be  true  or  false,  it  will  remain  a  fine  example  of  the  power  of  man's  intellect  in  passing 
over  the  barriers  of  space  and  time. 


THU  ECI<IPSED   SUX,   PHOTOGRAPHED    AT  SOHAG,   IN 

EGYPT,    MAY    17,    1882. 
This  is  the  characteristic  form  of  corona  near  sunspot  maximum, 
the  coronal  streamers  being  distributed  equally  all  round  the  disc. 
The  little  comet  that  appears  on  the  plate  was  never  seen  again. 
A  comet  was  also  photographed  in  the  eclipse  of  April  18,  1893. 
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CHAPTER    VI. 
THE    MOON. 

By  Walter  Goodacre,  F.R.A.S.,  President  British  Astronomical  Association.  " 

MATTERS  relating  to  the  position  of  the  Moon  in  the  Solar  System,  and  its  motions  in  space 
in  relation  to  the  Sun  and  Earth,  having  been  described  in  the  previous  chapter,  there 
remains  now  the  task   of  describing  what  we  find  on  its  surface,    or  in  other  words,  the 
physical  features  as  revealed  by  the  telescope. 

The  overwhelming  prominence  held  by  the  Moon  in  the  night  sky,  and  its  rapid  motion  amongst 
the  stars  in  its  monthly  revolution  round  the  Earth,  cannot  have  failed  to  impress  mankind  from  the 
earliest  times  with  its  comparative  nearness.  It  is  indeed  by  far  the  nearest  of  all  celestial  objects, 
and  the  only  planet — with  the  exception  of  Mars — of  which  we  see  the  actual  solid  surface. 

Up  to  the  year  1609  there  was  no  definite  or  certain  knowledge  of  the  actual  physical  condition 
of  the  Moon's  surface,  but  there  were  a  number  of  speculations  about  it.  One  was,  that  the  Moon 
acted  as  a  mirror,  reflecting  the  features  of  our  own  globe,  though  a  moment's  consideration  would 
have  shown  this  to  be  untenable  from  the  fact  that  the  features  of  the  Moon  are  fixed  in  relation 
to  each  other,  whereas  the  markings  should  have  moved  across  its  face,  as  the  Earth  revolved 
on  its  axis.  Another  theory  suggested  that  the  dark  markings  on  the  Moon  were  opaque  bodies 
suspended  in  the  sky 
between  us  and  it. 

The  invention  of  the 
telescope,  and  its  applica- 
tion to  Astronomy  by 
Galileo  in  the  year  1609,  at 
once  put  an  end  to  all 
doubt  and  speculation,  by 
showing  to  the  astonished 
observers  that  whilst  the 
Moon  was  in  no  sense  a 
replica  of  the  Earth,  inas- 
much as  it  possessed  no 
large  bodies  of  water,  and 
no  clouded  atmosphere,  yet 
it  presented  some  features 
of  similarity — the  vast 
plains  (which  were  mis- 
taken for  oceans),  and  the 
great  mountain  ranges, 
which  diversify  its  surface. 

No  sooner  had  the  tele- 
scopes of  Galileo's  day — 
poor  and  imperfect  instru- 
ments though  they  were — 
been  brought  to  bear  upon 
the  Moon,  than  the  ob- 
servers naturally  began  to 
make  charts  or  drawings 
of  the  principal  features 
they  saw,  and  this  laid  the 


Photo  by]  \Lick  Observatory, 

A    PHOTOGRAPH    OF   THE   FUI,I,   MOON. 

The  Moon  is  really  not  quite  Full,  as  some  little  shadow  is  seen  in  connection  with  objects 

near  the  left-hand  edge.    This  means  it  was  taken  a  few  hours  after  Pull.    It  shows  the 

various  "seas"  as  dark  areas,  and  the  positions  which  they  occupy  with  respect  to  each 

other,  and  their  situations  on  the  disc. 
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foundations  of  Selenography,  that  branch  of  Astronomy  which  concerns  itself  with  the  accurate 
delineation  of  the  lunar  surface  details,  and  which  has  made  such  remarkable  progress  during  the  past 
300  years,  that  now  our  knowledge  of  the  Moon's  surface  is  more  complete  than  our  knowledge  of 
many  parts  of  our  own  Earth.  Some  of  these  charts  made  by  the  earlier  observers  have  come  down  to 
us,  which,  although  from  their  crudity  and  lack  of  detail  they  possess  little  or  no  scientific  value, 
testify  to  the  zeal  and  persistence  of  their  authors,  who  deserve  every  credit  for  what  they  were  able 

to  accomplish  with  the  poor  means 
at  their  disposal.  These  observers 
hoped  in  the  course  of  time  to  be  able 
to  detect  evidence  of  change  on  the 
Moon,  and  the  same  hope  still  animates 
the  breasts  of  those  who  since  then, 
and  even  now,  are  still  pursuing  this 
branch  of  Astronomy. 

It  would  occupy  too  much  space 
to  describe  at  length  the  history  of 
Selenography,  so  that  only  the  briefest 
outline  can  be  given.  Its  progress 
was  regulated  by  the  telescopes  in 
use  from  time  to  time ;  as  these 
gradually  increased  in  power  and 
perfection,  our  knowledge  of  the  Moon 
increased  in  a  like  ratio.  No  reUable 
and  at  all  comprehensive  maps  of  the 
Moon  were  produced  before  1837,  in 
which  year  Beer  and  Madler's  map  was 
published.  This  was  thirty-seven 
inches  in  diameter,  and  founded  on 
observations  made  during  the  years 
1830  to  1837.  It  is  a  marvellous  piece 
of  work,  considering  that  it  was  made 
with  the  aid  of  a  telescojje  of  only 
three  and  three-quarter  inches  aper- 
ture. Observers  in  England  had  how- 
,m/m^^mm  ^^j— ,— _-r -|ii^,,   — »  r        y\wmti\M       ^^^"^  ™^^  been  idle,  and  some  valuable 

fi^\%y  l!fWPTl*?^M^^Bi^^iw^^^^dtt~  "'^-^ '  " -aJM  work  was  done  by  a  number  of  ama- 
teur observers,  under  the  direction  of 
a  committee  appointed  by  the  British 
Association,  in  an  endeavour  to  con- 
struct a  map  of  200  inches  to  the 
Moon's  diameter.  This  huge  task 
was  never  completed  owing  to  the 
death  of  Mr.  W.  R.  Birt,  the  leader. 

The  next  complete  map  after 
Beer  and  Madler's  was  one  compiled 
by  Schmidt  of  Athens,  seventy-five  inches  in  diameter,  and  containing  far  more  detail  than  Beer 
and  Madler's.  This  task  occupied  Schmidt  for  more  than  thirty  years.  Subsequently,  maps  on  a 
much  smaller  scale  were  published  by  two  English  observers,  Neison  and  Elger.  These  were  followed 
in  1910  by  the  writer's  large  map  of  the  Moon — seventy-seven  inches  in  diameter. 

Within  the  last  thirty  years  photography  has  been  very  successfully  applied  to  producing  pictures 


From  a  Drawing;  [By  the  Abb^  Moreux. 

THE  EARTH  AS  SEEN  FROM  THE  MOON. 
In  the  foreground  we  have  a  typical  lunar  landscape  with  mountain 
peaks.  The  Earth  is  seen  high  in  the  lunar  sky.  The  drawing  also  depicts 
small  craters  and  a  system  of  cracks  in  the  surface,  caused  by  shrinkage. 
The  Earth  would  appear  to  the  Lunarians  thirteen  times  as  large  as  the 
Moon  appears  to  us,  and  the  reflected  sunlight  would  be  greater  in  a  still 
larger  ratio. 


\ 


so'     I 
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NORTH. 

KEY    MAP    OF   THE   MOON. 

This  shows  on  a  small  scale  all  the  principal  named  objects  on  the  Moon's  surface,  and  is  therefore  of  great  value  as  a  work  of  reference  in  connection  with 
any  description  of  these  features  of  our  satellite.  The  names  attached  to  the  various  formations  were  given  by  the  early  observers.  Some  names  have  also  been 
added   in   recent   times  by  other  selenographers.     These   names   fulfil  the  useful  purpose  of  enabling  the  observer  to  identify  objects  when  using  his  telescope. 
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of  celestial  objects,  and  in  no  case  with  greater  success  than  in  that  of  the  Moon,  several  examples 
of  these  photographs  appearing  in  this  publication.  Unfortunately  these  do  not  show  the  immense 
amount  of  detail  which  can  be  seen  in  the  original  negatives,  a  good  deal  of  which  is  lost  in  the  process 
of  reproduction. 

When  the  60-inch  telescope  at  Mount  Wilson  was  ready  for  testing  some  years  ago,  photographs 
of  the  Moon  were  taken  for  that  purpose,  and  they  turned  out  to  be  by  far  the  best  representations 
of  the  surface  secured  up  to  that  time,  but  even  these  fine  results  have  been  exceeded  by  the  photographs 
recently  taken  with  the  new  100-inch 
telescope  at  the  same  observatory.  These 
show  much  more  and  finer  details  than 
were  previously  shown,  and  a  close  study 
of  them  has  revealed  many  objects  now 
recorded  for  the  first  time.  A  complete 
photographic  atlas  of  the  Moon,  taken 
by  such  an  instrument,  would  not  only 
be  of  the  greatest  interest  to  lunar  ob- 
servers of  to-day,  but  would  be  invaluable 
if  compared  with  similar  pictures  taken, 
say,  in  100  years'  time,  with  a  view  to 
discovering  whether  any  change — and 
to  what  extent — had  taken  place  in  the 
interval ;  but  at  present  there  seems  no 
prospect  of  this  work  being  taken  in 
hand,  as  the  telescope  is  in  constant  use 
in  other  directions,  where  much  more 
important  problems  await  solution. 

The  comparative  nearness  of  the 
Moon  and  the  absence  of  an  atmosphere 
renders  it  the  easiest  of  all  telescopic 
objects,  and  enables  its  surface  features 
to  be  seen  sharp  and  clear,  without  the 
blurring  effects  which  would  be  produced 
had  we  to  look  at  it  through  an  atmosphere 
such  as  surrounds  the  Earth. 

The  Moon,  as  seen  by  the  naked  eye 
at  any  time,  but  more  especially  when  it 
is  full,  presents  a  bright  disc  mottled 
with  light  and  dark  patches,  varying 
from  intense  brilliancy  through  varying 
shades  of  grey  almost  to  blackness.  If 
we  look  at  the  Moon  through  a  pair  of 
binoculars  it  will  be  seen  that  the  dark 
areas  predominate  in  the  northern  hemi- 
sphere,   the   southern   half  being   much 

brighter  on  the  whole.  A  still  closer  examination  reveals  the  fact  that  the  brightest  regions  are  the 
mountainous  portions,  whilst  the  dark  areas  are  comparatively  smooth. 

Anyone  looking  at  the  Moon  for  the  first  time  through  a  telescope  can  hardly  refrain  from 
exclamations  of  surprise  and  pleasure  at  the  wonderful  scenes  presented  to  his  gaze.  To  see  the 
Moon  under  the  best  conditions,  that  is  when  its  rugged  surface  is  visible,  the  observer  should  direct  his 
telescope  to  it  at  any  time  between  New  Moon,  when  its  narrow  crescent  is  first  seen  in  the  west,  and 


t^hoto  by\  {Lick  Obseriatory. 

A    PHOTOGRAPH    OF    A    PORTION    OF   THE    JIOON. 

This  shows  the  Mare  Crisium  just  before  sunset.     It  will  be  noticed 

that  the  western  side  of  the  Mare  has  partly  disappeared  from  view  in 

the  shadow  of  the  approaching  night,  whilst  on  the  opposite  side  the 

shadows  cast  by  the  mountain  border  are  very  distinct. 
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a  day  or  two  before  it  is  Full ;  and  a  similar  interval  after  Full  and  the  next  New  Moon.  The  ruggedness 
is  best  seen  near  the  "  Terminator  " — that  region  which  separates  the  bright  surface  from  the  un- 
illuminated  part  of  the  disc.  Along  this  region  the  Sun  is  just  rising  or  setting  on  the  Moon,  and 
every  irregularity  of  the  surface  is  thrown  into  strong  relief — the  mountains  and  crater  walls 
throwing  their  long,  tapering  shadows  in  a  direction  opposite  the  Sun,  and  for  many  miles  these 
shadows  are  very  black,  there  being  no  twilight  to  modify  their  intensity.  It  is  indeed  by  measuring 
the  length  of  these  shadows  that  the  height  of  the  mountains  on  the  Moon  has  been  determined. 
It  is  sometimes  asked  what  is  the  smallest  object  that  can  be  seen  on  the  Moon.  To  form  some 

idea  we  must  take  into  account 
the  Moon's  distance,  which,  in 
round  figures,  is  about  240,000 
miles.  If  we  direct  a  telescope 
to  the  Moon,  having  an  eye- 
piece capable  of  magnifjnng 
1,000  times,  this  would  be 
equivalent  to  bringing  the  Moon 
to  within  240  miles  of  the  Earth. 
It  will  be  at  once  realised  that 
however  well  illuminated,  we 
could  not  make  out  any  detail 
with  the  naked  eye  upon  an 
object  240  miles  away,  on  the 
Earth,  and  besides  this,  there 
are  few  telescopes  that  will 
stand  a  magnifying  power  of 
1 ,000  and  give  good  definition, 
not  because  of  any  imjjerfec- 
tion  in  the  instrument,  but 
because  atmospheric  tremors 
would  sp)oil  the  sharpness  of 
definition.  This  unsteadiness 
of  our  atmosphere  acts  in 
severely  limiting  the  utility 
of  our  telescopes  in  their  appli- 
cation to  the  heavenly  bodies. 
Hence  astronomers  are  always 
looking  out  for  locations  for 
their  observatories  where  they 
can  rely,  not  only  on  freedom 
from  clouds,  but  on  a  still  air. 
It  is  generally  agreed  that 
the  most  powerful  telescope 
used  under  the  best  conditions 
would  just  reveal  the  existence 
of  an  object  not  less  than  100 
yards  in  height  and  length,  and 

From  a  Pkolo  by]  [MM.  Loewy  ami  Puisiux,  Parts  Ubservalory.  then     Only     by     rCaSOU     of     the 

A  PHOTOGRAPH  OF  THE  MOON  AT  ABOUT  SEVEN  DAYS  OLD.  shadow  it  would  cast  under  the 

It  well  represents  the  aspect  presented  in  a  small  telescope  and  shows  the  rugged         cl^ntinff  ra^re  nt  the  "^nn     Pro 
surface  of  the  southern  hemisphere  (which  is  at  the  top).     At  the  lower  t>ortion         Slanting  rays  OI  ine  JUii.   rro- 
the  Lunar  Alps  and  Apennines  are  just  coming  into  view  at  sunrise.  bably    an    object     the    size    of 


From  "  Knowledge  "]  [Taken  al  the  Paris  Observatory  by  MM.  I.oewy  and  Puiseux. 

A    PHOTOGRAPH    OF    A    PORTION    OF    THE    MOON. 
This  picture  was  taken  a  few  day.-*  before  sunset,  at  the  time  of  the  waning  Moon.     The  dedinnpf  Sun  has  already  caused  the 
craters  on  the  left-hand  side  to  become  filled  with  shadow.    The  upper  part  shows  the  crater  Kepler,  with  its  system  of  bright 
rays  ;    and  Jower  down  we  have  the  crater  Aristarchus,  one  of  the  brightest  spots  on  the  Moon,  now  only  visible  under  the  high 
Sun  as  a  bright  patch  with  a  number  of  rays  emanating  from  it.     At  this  particular  region  of  the  Moon  no  mountains  exist  that 

can  be  seen  in  profile  on  the  limb. 


From  "  KnowUdgt"  [Talten  at  the  Paris  Obscr-alory  hy  ilM.  loruy  atui  Puisaix. 

A   PHOTOGRAPH    OF    A   PORTION    OF   THE   MOON. 
This  represents  the  aspect  of  the  surface  when  the  Moon  is  aliout  seven  days  old.     The  larger  portion  is  seen  with  the  Sun  over- 
head, consequenUy,  nothing  is  visible  in  relief      More  relief  is  found  near  the  right-hand  edge,  where  the  Sun   has  not  reached 

such  a  great  elevation  in  the  lunar  sky. 
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the  largest  pyramid  in  Egypt  or  St.  Paul's  Cathedral  could  be  made  out  as  a  slight  irregularity  on 
the  surface,  but  without  anything  to  show  its  real  shape  or  nature. 

Many  efforts  in  times  past  have  been  made  to  try  and  discover  the  existence  on  the  Moon  of  the 
works  of  animated  beings,  and  some  of  the  old  observers,  with  their  feeble  instruments,  claimed  to 
have  detected  objects  which  were  of  artificial  construction ;  but  these  views  were  dispelled  by  later 
observers  using  more  powerful  optical  aid.  It  was  found  that  these  formations  were  much  too  large 
to  have  been  thus  formed,  and  must  be  ascribed  to  natural  causes.  There  is  one  such  object  that  may 
be  mentioned.  It  is  situated  near  the  centre 
of  the  disc,  being  about  65  miles  in  length  and 
500  feet  in  height,  described  by  some  as  the 
"  straight  wall,"  and  by  others  as  the  "  railway 
line."  It  is  well  shown  on  the  upper  part  of 
the  photograph  opposite  page  53.  If  it  is 
viewed  through  a  small  telescope  when  seen 
near  the  terminator,  it  appears  to  be  a  perfectly 
straight  line,  which  would  easily  suggest  its 
artificial  origin ;  but  when  examined  in  a 
powerful  telescope  it  is  seen  not  to  be  quite 
so  straight  as  it  first  appeared.  It  has  many 
bends  and  curves  in  its  length  and  is  also  very 
irregular  in  its  height.  In  reality  it  is  one  side 
of  a  line  of  cliffs,  caused  by  a  fault  in  the  surface, 
which  has  subsided  to  a  depth  equal  to  the 
height  of  the  exposed  cliff. 

Other  instances  might  be  mentioned  where 
the  old  observers  found  rectangular  areas  sur- 
rounded and  enclosed  by  low  walls,  suggesting 
ramparts.  Other  objects  consisted  of  several 
ridges  running  parallel  to  each  other,  and  also 
looking  like  artificial  formations ;  but  these 
are  merely  fanciful  ideas  not  supported  by 
facts. 

From  these  considerations  let  us  now  turn 
to  the  study  of  the  various  objects  we  find  by 
our  telescopes  to  occupy  such  a  large  space 
on  the  Moon.  The  most  prominent  may  be 
classified  under  the  following  heads  :  — 

The  large  dark  areas  or  plains  which  the 
ancients  described  as  Maria  or  Seas, 
and  the  ridges  which  are  associated 
with  them. 

The  mountain  walled  plains. 

The  crater-like  objects,  mostly  of  large 
size. 

The  ring-plains,  craters,  crater  cones,  craterlets,  crater  pits,  valleys,  clefts  or  cracks,  and 
mountain  ranges. 

The  wonderful  systems  of  bright  rays  or  streaks. 
From  this  catalogue  it  will  be  seen  that  there  is  no  lack  of  variety  in  respect  of  the  objects  we 
find  on  the  lunar  surface.     We  commence  with  the  Maria  or  Seas.     If  we  examine  a  photograph  of 
the  Moon  taken  at  or  near  Full,  of  which  photographs  there  is  now  a  large  number,  we  are  at  once 


l-'rom  a  Drawing\  [By  KrUgtr. 

CI^EFTS  ON  THE  MOON'S  SURFACE. 
This  is  a  fine  example  of  the  systems  of  Clefts  which  abound 
on  the  Moon,  and  as  drawn  by  the  late  J.  N.  Krieger,  based 
on  a  photograph.  The  large  crater  ring  is  known  as 
Triesnecker.  It  will  be  noticed  that  the  clefts  seem  to  emanate 
from  a  point  just  to  the  west  of  this  formation. 
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struck  with  the  considerable  portion  of  the  surface  which  is  covered  by  these  dark  areas,  and  we  notice, 
further,  that  they  predominate  in  the  northern  and  eastern  portions  of  the  disc.  It  is  also  worthy 
of  note  that  none  of  the  dark  areas  extend  as  far  as  the  edge  or  limb.  Most  of  these  dark  areas 
communicate  with  each  other,  having  no  separate  definite  boundaries.  To  this  rule,  however,  there 
are  two  conspicuous  exceptions  :  one  is  the  Mare  Crisium  (the  Sea  of  Crises)  in  the  north-west,  a  circular 
dark  area  surrounded  by  a  bright  mountainous  country  ;  the  other  is  known  as  the  Mare  Humorum 
(the  Sea  of  Humours),  in  the  opposite  or  south-east  portion  of  the  disc,  and  slightly  smaller  in  size. 

Three  other  roughly  circular  plains  lie  to  the  east  of  the  Mare  Crisium,  and,  connected  with  each 
other,  extend  in  a  chain  almost  across  the  entire  disc.  These  are  in  order  from  west  to  east :  the 
Mare  Tranquilitatis   (Sea  of  Tranquility),   the  Mare  Serenitatis   (Sea  of  Serenity),  and  the  Mare 

Imbrium  (Sea  of  Rains). 

When  these  vast  areas 
are  scrutinised  through  a 
small  telescope,  they  ap- 
pear to  have  smooth  sur- 
faces, devoid  of  any  but 
the  smallest  irregularities. 
This  impression  is  quite 
illusory,  as  when  ex- 
amined with  a  powerful 
instrument,  especially 
when  either  of  them  is 
crossed  by  the  terminator 
— that  is  when  the  Sun's 
rays  fall  on  them  ob- 
liquely, either  when  rising 
or  setting — it  will  be 
found  that  they  abound 
in  hollows  and  sinuous 
low  rounded  swellings 
or  ridges  extending  for 
many  miles.  The  real 
surfaces  of  these  plains 
many  ways 
prairies  of 
The  ridges 
rise  in  places 


f-l<J 


OI,D  CH.\RT  1)1-  THE  MOON. 
This  is  a  copy  of  the  chart  made  by  Cherubiu  D'Orleans,  in  1671.  It  has  no  scientific 
value,  but  is  a  good  example  of  the  work  of  the  early  selenographers  and  represents 
the  results  of  much  time  and  energy  spent  on  observing  the  lunar  surface.  The  difference 
between  this  and  a  modem  map  is  very  great,  as  will  be  seen  on  comparing  thejsame. 


be  found  to  be  covered  with 


resemble  in 
the  great 
America, 
referred  to 
from  150  to  700  feet,  but 
become  invisible  when 
the  Sun  has  risen  to  some 
extent  in  the  lunar  sky. 
minute  asperities,  like  the 


Other  portions  would,  on  a  nearer  view, 
terrestrial  lava  fields. 

The  following  is  a  list  of  the  principal  Maria  or  Seas  on  the  Moon  : — 

Mare    Australe,    Crisium,    Foecunditatis,    Frigoris,    Humboldtianum,    Humorum,    Imbrium, 
.  Nectaris,    Nubium,    Serenitatis,    Tranquilitatis,    Vaporum,    Smythii,    and    the    Oceanus 

Procellarum. 
In  addition,  there  are  a  number  of  other  and  smaller  dark  areas,  prefixed  by  the  words  Sinus,  Lacus, 
and  Palus,  and  which  are  more  particularly  described  in  text-books  on  the  Moon. 

The  great  expanse  of  these  so-called  seas  may  be  inferred  from  the  fact  that  the  Mare  Crisium  has 


From  "  Knoujledgy  [I  uken  at  the  Pans  (Jbsef'atory  hy  MM.  l.newy  and  Puiseux 

A    PHOTOGRAPH    OF   A    PORTION    OF    THE    MOON. 

Taken  when  the  Moon  was  nearly  at  its  First  Quarter.  The  large  ring  plains  on  the  right  are  still  in  shadow,  the  rising  Sun  having 

just  touchef]  their  mountain  ramparts  into  visibility.     The  greater  portion  of  the  surface  thus  shown  lies  to  the  south  of  the  equator 

and  is  of  a  rugged  nature.      On  the  left  and  near  the  bottom  is  the  large  ring  plain  Theophiliis.  one  of  the  finest  of  its  class  on  the 

Moon,  and  a  rival  to  Copernicus.    Its  inner  terraced  walls  and  multiple  central  mountain  arc  easily  seen. 


[AJter  Puiseux. 
trom  "  Knowledge"]  ^    l»I10T0rR\PH    OF    THE    MOON. 

Copernicus,  and  to  the  nght  of  Copernicus  is  the  Kepier  system. 


Splendour  of  the  Heavens 


269 


ARZACHEL 

BY 
W  GOOD  AC  RE 


an  area  of  roughly  78,000  square  miles,  being  nearly  300  miles  from  north  to  south,  and  350  miles 
from  east  to  west,  whilst  the  Mare  Serenitatis  is  nearly  circular,  being  433  miles  from  north  to  south 
and  424  miles  from  east  to  west,  and  contains  approximately  125,000  square  miles,  whilst  if  we 
take  the  Mare  Imbrium,  the  greatest  of  the  circular  plains,  we  find  a  length  of  about  750  miles  and 
a  breadth  of  700  miles,  which  gives  an  area  of  about  340,000  square  miles.  Further,  it  may  be  mentioned 
in  respect  of  the  Oceanus  Procellarum,  the  most  extensive  of  all  the  seas,  but  with  very  indefinite 
boundaries,  the  area  cannot  be  less  than  2,000,000  square  miles.  The  forces  which  produced  these 
great  expanses  will  be  dealt  with  later. 

Ridges. — ^These  curious  serpentine  banks  already  referred  to  are  found  almost  solely  on  the  great 
plains  or  seas,  are  in  many  cases  concentric  with  their  borders,  but  in  other  instances  they  are  seen 
to  traverse  the  surface  in  various  directions,  being  subject  to  no  well-defined  arrangement.  Rarely 
are  they  found  to  be  straight,  but  serpentine,  with  many  bays  or  inflexions  in  their  course.  Frequently 
they  throw  put  arms  or  branches  and  are  often  associated  with  small  craters,  which  are  found  on 
their  flanks  or  summits.  They  are  no  doubt 
folds  in  the  surface,  and,  it  has  been  sug- 
gested, mark  the  places  where  cracks 
formerly  existed,  and  through  which  molten 
lava  has  been  extruded  on  both  sides.  On 
the  other  hand,  some  of  these  ridges  form 
segments  of  circles,  suggesting  they  are  all 
that  is  now  left  of  once  complete  mountain 
ridges,  which  have  been  reduced  and  partly 
destroyed  by  the  action  of  lava  at  the 
time  the  seas  were  formed.  Some  of 
the  most  remarkable  of  these  objects 
will  be  found  on  the  borders  of  the  Mare 
Humorum,  and  also  in  the  Mare  Nectaris, 
where  there  is  quite  a  network  of  them, 
but  all  the  plains  show  them  to  a  greater 
or  less  extent,  and  they  are  quite  con- 
spicuous on  some  of  the  lunar  photographs  ; 
they  vary  in  length,  but  one  to  two  hundred 
miles  is  not  uncommon. 

Craters  and  Crater-like  objects. — These 
are  the  most  numerous,  and,  generally 
speaking,  the  most  striking  objects  to  be 
found  on  the  Moon.  They  present  a  wide 
range  of  size  and  shape,  from  the  large 
mountain  rings  to  the  smallest  crater  cones  of  a  few  hundred  yards  in  diameter.  In  general  form 
they  are  approximately  circular,  but  in  the  largest  ones  considerable  departure  from  the  circle  is 
obvious.  If  these  are  examined  closely  with  a  powerful  telescope  it  will  be  seen  that  the  surrounding 
mountain  wall  is  often  polygonal,  rather  than  circular,  suggesting  that  whilst  the  original  form  was 
that  of  a  circle,  pressure  from  without  or  within  has  forced  the  line  of  the  ramparts  into  more  or  less 
lineal  sections,  standing  at  various  angles  to  each  other. 

These  crater-like  objects  have  been  divided  into  several  classes,  according  to  their  individual 
characteristics.  We  commence  with  the  walled  plains.  These  represent  the  largest  enclosures,  from 
60  to  150  miles  in  diameter.  They  are  generally  encircled  by  mountainous  ramparts,  rising  in  some  cases 
to  12,000  feet  above  the  interior.  These  ramparts  are  very  complex  in  structure,  their  continuity 
being  broken  by  valleys  and  broad  passes,  and  with  many  terraces  on  the  inner  slopes,  and  many 
evidences  of  landslips  from  the  same.     The  level  interior  of  these  enclosures  is  broken  in  nearly  all 


Bofed  en  a.P>uitcffrap>i.  taken  wUh  Uu  UXbiRefUctaratM-WMntSIS 


This  is  a  chart  of  the  mountain-ringed  plain  Arzachel,  and  shows 
the  modem  method  of  depicting  the  details  of  the  lunar  surface. 
Arzachel  is  about  sixty-five  miles  in  diameter.  The  chart  gives 
many  objects  recorded  for  the  first  time  by  means  of  photography. 
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cases  by  large  craters,   groups  of  mountains,  and  isolated  peaks,   ridges,   clefts  and  crater-like 
depressions. 

The  large  walled  plains  have  many  of  the  characteristics  of  the  smaller  Maria,  and  have  by  some 
authorities  been  placed  in  the  same  category.  They  probably  owe  their  existence  to  the  same  forces 
which  formed  the  lunar  seas.  The  following  are  examples  of  these  objects:  Clavius,  the  largest, 
followed  by  such  as  Petavius,  Furnerius,  and  Langrenus,  in  the  south-west  quadrant.  W.  Humboldt, 
Cleomedes,  Gauss,  and  Endymion,  in  the  north-west  quadrant.  In  the  south-east  quadrant,  where 
they  are  most  numerous,  we  have  Maginus,  Longomontanus,  Shickhard,  Walter,  Pitatus,  Ptolemaeus, 
Grimaldi,  and  Riccioli. 

The  next  class  of  objects  claiming  our  attention  is  the  Ring  Plains.  These  differ  from.the  walled 
plains  in  that  they  are  smaller,  with  more  symmetrically  circular  walls.     They  are  also  more  numerous, 

and  their  appearance  suggests 
very  strikingly  the  probability 
of  their  volcanic  origin.  Their 
surrounding  ramparts  are  high 
and  very  massive,  and  fall 
with  steep  declivity  to  the 
interior  floor.  The  walls  on 
the  exterior,  on  the  other  hand, 
rise  with  a  gentle  slope  from 
the  surrounding  country.  These 
outer  slopes  are  however  very 
rugged,  and  in  many  cases 
traversed  in  a  radial  manner 
by  what  may  be  lava  ridges 
with  deep  intervening  valleys, 
which  sometimes  are  found 
to  consist  of  chains  of  small 
craters.  On  the  summit  of  the 
walls,  peaks  of  considerable 
elevation  are  often  found.  The 
inner  slopes  are  very  frequently 
broken  by  a  series  of  terraces, 
which  descend  one  below  the 
other  till  the  floor  is  reached. 
These  terraces  are  separated 
from  each  other  by  yawning 
crevasses  of  unknown  depth, 
and  are  in  all  probability 
caused  by  the  action  of  molten 
lava  in  the  interior  under- 
mining the  walls,  and  so  causing 
large  portions  to  sUp  down  from  time  to  time  The  most  striking  and  perfect  object  in  this  class 
is  the  well-known  crater  called  Copernicus,  fifty-six  miles  in  diameter,  and  standing  in  an  isolated 
position  between  the  Mare  Nubium  and  the  Mare  Imbrium.  Some  wonderful  photographs  of  this 
formation  have  been  secured  at  Mount  Wilson  by  the  use  of  the  100-inch  Hooker  Telescope.  They 
reveal  much  detail  and  give  a  splendid  view  of  this  most  noble  object.  A  study  of  these  photographs 
brings  some  interesting  facts  to  our  notice.  It  will  be  observed  that  the  crest  of  the  wall  is  not  circular, 
but  is  broken  up  into  a  number  of  straight  ridges  and  curved  sections,  but  all  fairly  uniform  in  height. 
According  to  Neison,  the  walls  rise  above  the  interior  some  12,000  feet.     At  the  centre  is  a  group 


Photo  by] 


[C.  Flamntarion. 

A  PHOTOGRAPH  OF  A  PORTION  OF  THE  MOON. 
The  upper  part  shows  the  northern  half  of  the  ring  plain  Ptolemaeus.  The  well- 
formed  ring,  partly  filled  with  shadow,  which  is  in  contact  with  its  northern 
rampart,  is  named  Herschel,  after  the  great  astronomer.  A  little  to  the  right  and 
below  Herschel  is  a  large  roughly -circular  enclosure,  with  a  smooth  dark  floor, 
and  very  broken  walls,  and  is  named  Flammarion,  after  the  well-known  French 
astronomer  of  that  name. 


mrr-^".     'TT'TT'*'."     '^•■f 
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[Taken  at  the  Paris  Observatory  by  MM.  Loewy  and  Puiseux. 
A   PHOTOGRAPH    OF   A   PORTION    OF   THE   MOON. 
Taken  towards  sunset,  as  shown  by  the  lengthening  shadows  on  the  left-hand  side.   Some  of  'h/ deeper  waters  near  the  Tomi^tOT  are  ^^ 
mied  with  shadow.     The  dark  surface  of  the  M.  Humorum  is  shown  to  the  upper  right-hand  s.de,  with  Gassen^  on  '.»«  '°»^f  "^.S^,.  H^Tod^ 
c^treis  BuUialdus.  with  several  specimens  of  ruined  rings  around   it.  on  the  surface  of   the  M.  Nubium.     Famt  fd'cafons  of  tte  H<^odu» 
vTlley   also  .f  the  vaUeys  to  the  west  of  the  M.  Humorum,  can  be  traced.    For  the  names  of  the  other  promment  features,  reference  should 

be  made  to  the  key  map. 
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of  mountains,  of  which  seven  peaks  can  be  counted.  These  are  probabh-  the  ruins  of  a  single 
mountain  of  considerable  size,  shattered  by  the  force  of  volcanic  energy,  which  was  unable  to  escape 
through  its  central  orifice.  On  the  southern  half  of  the  floor  are  a  number  of  hills,  which  a  closer 
inspection  would  probably  reveal  as  crater  cones.  The  northern  half  of  the  floor  is  comparatively 
smooth. 

There  are  numerous  other  formations  on  the  Moon  very  like  Copernicus,  and  quite  as  large,  which 
would  present  a  similarly  grand 
spectacle  if  they  were  as  well  placed 
on  the  disc.  We  may  refer  to 
Theophilus,  sixty-four  miles  in 
diameter ;  Bullialdus,  thirty-eight 
miles  in  diameter ;  Aristillus, 
Langrenus,  Petavius,  and  Era- 
tosthenes, all  of  which  are  well 
shown  on  the  various  lunar  photo- 
graphs now  in  existence. 

Craters. — These  are  a  sub- 
division of  the  crater  rings  and 
other  objects  just  described.  In 
most  cases  the  difference  is  slight 
and  the  division  therefore  diffi- 
cult. Whilst  possessing  most  of 
the  characteristics  of  the  ring 
plains,  they  are  smaller,  and  in 
form  more  truly  circular.  In 
diameter  they  vary  from  fifteen 
to  three  miles  or  less.  The  outer 
walls  rise  more  steeply  to  the 
summit,  and  the  descent  on  the 
inner  side  is  equaUy  abrupt. 
They  are  found  on  every  part 
of  the  lunar  surface,  and  probably 
originated  at  a  time  when  vol- 
canic energy  first  began  to  wane. 
Many  have  a  brighter  and  newer 
asp)ect  than  the  locality  in  which 
they  stand,  and  not  infrequently 
they  are  surrounded  by  or  stand 
on  a  small  bright  area  encircling 
them  like  a  halo. 

It  is  generally  assumed  that 
the  bright  area  consists  of  whitish 
ash  or  material  ejected  from  the 
volcano  itself.  Whilst  to  the 
casual  observer  the  ring  plains 
and  crater  rings  seem  to  be 
distributed  over  the  lunar  surface 
in  a  haphazard  manner,  the 
careful  student  will  not  fail  to 
note  that  this  is  not  quite  the 
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case.  He  will  see,  for  instance,  that 
crater  rings  or  ring  plains  are  often 
found  in  pairs,  in  which  the  individuals 
strongly  resemble  each  other.  Take 
for  illustration,  Atlas  and  Hercules, 
Aristoteles  and  Eudoxus,  Aristillus 
and  Autolycus,  Sabine  and  Ritter,  and 
among  the  smaller  objects,  Beer  and 
Beer  A. 

Central  Peaks. — -These  mountain 
masses  are  common  to  nearly  every 
kind  of  enclosure  on  the  Moon,  from 
the  large  mountain-encircled  plains  to 
the  smallest  type  of  crater  ring.  A 
careful  inspection  of  the  Moon,  even  by 
a  small  telescope,  or  the  study  of  a 
good  photograph,  will  not  fail  to  reveal 
the  fact  that  in  a  very  large  number  of 
cases  at  the  centre  of  the  ring  there  is  a 
mountain  mass  sometimes  consisting 
of  one  peak,  and  in  other  cases  of  a 
multiple  peak.  These  central  moun- 
tains are  of  considerable  size  and  great 
elevation.  Attention  may  be  called 
to  a  few  typical  instances. 
If  the  crater  Tycho  is  examined,  a  central  mountain  mass  is  seen  at  once,  and  on  one  of  its  flanks  a 
smaller  elevation.  This  latter  is  very  easily  seen  sometimes,  and  at  other  times  is  invisible  in  small 
telescopes.  On  the  summit  of  this  smaller  mountain  a  crater  has  been  found.  The  large  central  mountain 


COMPARISON     OF     THB     SJZES     OF      TWO     OF     THE     LUNAR 
MOUNTAIN-RINGED    PLAINS,   AND     THE    AREA    OF    ENGLAND 

AND    WALES. 
Maurolycus  is  a  great  plain  of   1.50  miles  in  diameter,  surrounded  by  a 
rugged  mountain  rampart  rising  to  the  height  of  12,0(10  feet   above  the 

interior. 


From  "  Knowledge" 

STEREOGRAM    OF    THE    MOON'S   ECLIPSE,    1909. 
The  two  photographs  are  taken  at  the  same  time  and  arranged  for  viewing  through  a  stereoscope, 
real  nature  of  the  Moon  as  a  huge  globe  is  strikingly  brought  out. 


[AJter  itatvatoT  Kaurtch. 
When  this  is  done  the 


'  Knowledge  "]  [Taken  at  the  fans  ubscrvatory  by  MM.  Loewy  and  Puiseux, 

A    PHOTOGRAPH    OF    A    PORTION    OF   THE   MOON'S    SURFACE. 
On  the  upper  part,  the  Aridaeus  and  Hyginus  Clefts  are  well  seen.      They  are  situated  not  far  from  the  centre  of  the  disc.     The 
lower  half  shows  a  good  portion  of  the  Mare  Serenitatis.    This  is  bounded  on  the  right  by  the  Caucasus  and  Alpine  Ranges  ;   the 
Haemus  Mountains  forming  its  upper  or  southern  boundary.     The  large  oval  ring  plain  near  the  lower  left-hand  edge  is  known  as 
Posidonius,  sixty-two  miles  in  diameter.    Its  eastern  wall  has  been  very  much  reduced  by  the  erosive  influence  of  the  lava  which 

formed  the  Mare  Serenitatis  on  the  margin  of  which  it  now  stands. 
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is  at  least  5,000  feet  in 
altitude.  Copernicus  has  a 
multiple  centralmountain, 
consisting  of  seven  peaks 
and  already  alluded  to. 
Another  fine  instance  of  a 
great  crater  ring  with  a 
central  mountain  is 
Theophilus.  Here  again 
the  original  mountain 
has  been  shattered  into 
several  parts,  one  of 
which,  according  to 
Elger,  rises  to  6,000  feet 
above  the  floor,  the  whole 
mass  covering  an  area  of 
about  300  square  miles. 
Another  prominent  ring 
plain  with  a  fine  central 
mountain  is  BuUialdus, 
with  its  peak  rising  at 
least  3,000  feet  above  the 
interior. 

In  centra-distinction 
to  these  and  many  others 
that  might  be  pointed 
out,  there  are  numerous 
instances  of  large  moun- 
tain-enclosed plains,  which 
show  no  traces  of  a 
central  mountain,  such, 
for  instance,  as  Plato, 
Archimedes,  and  Ptole- 
maeus.  It  is  quite  possi- 
ble that  central  moun- 
tains once  existed  on 
these  interiors,  but  the 
present  app)earance  of  the 
surface  suggests  that  they 
have  been  melted  down 
to  the  general  level  by 
lava  when  the  whole  in- 
terior was  in  a  liquid 
state.  There  are  also 
other  mountain-ringed 
enclosures  where  the 
erosive  forces  have  not 
quite  succeeded  in  de- 
stroying all  traces  of  a 
central    mountain    mass. 
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Instances  of  these  are  found  in  Pitatus,  Cleomedes, 
Atlas,  Posidonius,  Gassendi,  and  Alphonsus.  In  one  or 
two  other  cases  the  central  mountain  has  probably 
given  place  to  a  crater  depression.  This  is  well  illus- 
trated by  the  crater  ring  Hesiodus. 

As  to  the  origin  and  nature  of  these  mountains,  there 
can  be  little  doubt  but  that  they  are  volcanic  cones, 
thrown  up  after  the  interior  of  the  ring  plain  on  which 
they  stand  had  solidified  and  when  the  volcanic  energy 
was  waning,  and  had  arrived  at  a  similar  stage  to 
that  on  the  Earth,  when  our  present  volcanoes  were 
formed. 

The  smallest  elevated  objects  on  the  Moon  are  the 
Crater  Cones  and  Craterlets.  These  are  very  numerous, 
and  no  attempt  has  been  made  to  count  them ;  every 
increase  of  telescopic  power  adds  to  their  number.  Many 
known  now  are  less  than  half  a  mile  in  diameter.  Some 
of  the  smallest  of  these  crater  cones  are  found  in  the 
interior   of   Archimedes   and   Plato,   and   form .  excellent 


Photo  by]  Werkc^  i  ibsctoiory. 

REGION    OF    THEOPHII.rS. 

A  tine  photoRraph  of  the  mountain-ringed  plain  Theophilus,  sixty-four 

miles  in  diameter.    The  central  peak  rises  6,000  feet,  and  the  inner  walls 

rise  full  1.5,000  feet  above  the  interior.     Radiating  from  its  outer  walls 

lava  ridges  can  be  seen,  also  some  minute  craters  in  chains. 


M.'VP  OF  A  PORTION  OF  THE  MOON. 
This  little  chart  is  a  copy  of  one  made  by 
Galileo  in  the  year  1610,  and  is  probably  the 
very  first  ever  made.  It  is  very  difficult  to 
identify  with  certainty  the  formations  shown 
with  anything  on  the  Sloon  at  present. 

telescopic  tests.  These  minute  objects 
strongly  resemble  terrestrial  volcanoes. 

Crater-pits. — These  are  in  a  distinct 
class,  inasmuch  as  they  are  depressions, 
but,  like  the  craterlets,  are  found  all  over 
the  Moon,  though  principally  on  the  great 
expanses  of  the  Maria.  Some  are  with- 
out external  walls  while  others  have  them, 
but  in  all  cases  they  rise  but  a  few  feet 
above  the  outside  level.  They  are  best 
seen  when  near  the  terminator. 

Among  the  more  obscure  details  of 
the  lunar  surface,  but  of  extreme  interest, 
are  the  clefts  or  crevasses,  which  may  be 
divided  into  two  classes — the  Vall^s,  and 
Cracks  or  Clefts.  Of  the  valleys,  the  most 
important  is  the  great  Alpine  Valley, 
some  eighty-three  miles  in  length,  which 
cuts  through  the  Alps  to  the  west  of 
Plato.  It  averages  five  or  six  miles  in 
width,  and  is  easily  seen  in  the  photo- 
graphs of  this  region  or  by  means  of  a 
small  telescope.  Other  valleys  of  less 
imfjortance  and  distinguished  only  from 
the  clefts  by  their  width  and  gently 
sloping  sides,  abound.  Several  examples 
may  be  given.  From  the  east  side  of 
Hesiodus  runs  a  long  valley,  almost  in  a 
straight  line,  for  200  miles.  It  is  two  or 
three  miles  in  width  at  its  commencement, 
but  after  some  distance  has  been  traversed 


Photo  by]  ;  Mouiil  Wilson  Obscrvalorv. 

REGION  OF  THE  LUNAR  RING-PI.AIN  PLATO. 
Reproduced  from  a  photograph  taken  at  Mount  Wilson  Observatory.  The  lower  portion  of  the  photograph  shows  the 
appearance  of  the  surface  at  the  north  pole.  The  crater  rings  are  elliptical  by  reason  of  'oreshortening,  due  to  the  lloon 
being  a  globe.  The  large  ring  p'.ain  near  the  centre  is  known  as  Plato.  The  level  region  below  it  is  the  Mare  Frigoris,  and 
that  above  is  the  Mare  Imbrium.  A  little  above  Plato  are  two  isolated  mountain  masses,  known  as  Pico  and  Piton.  The 
mountains  on  the  left  of  Plato  are  the  Lunar  Alps,  with  the  great  Alpine  cutting  through  them. 


Photo  by]  [Mount  Wilson  Observatory. 

REGION    OF    THE    LUNAR    APENNINES. 
This  is  reproduced  from  one  of  the  Mount  Wilson  photographs.    It  gives  a  very  fine  view  of  the  Apennine  Range  of  Mountains 
which  bound  the  Marc  Imbrium  and  are  seen  at  this  time  under  the  rays  of  the  setting  Sun.    At  the  end  of  this  range — on  the 
right — is  the  fine  crater  ring  Eratosthenes.     Near  the  centre  is  the  large  mountain  ringed  plain    Archimedes,  fifty  miles  in 
diameter,    with  walls  rising  nearly  5,000  feet  above  the  interior.     Running  from  Archimedes  towards  the  mountains  wi-1 

be  found  a  number  of  \  alleys  extending  for  many  miles. 
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it  gradually  contracts  and  becomes  increasingly  difficult  to  trace.  There  is  also  another 
fine  specimen,  which  begins  at  the  northern  end  of  Herodotus,  and  runs  in  a  horse-shoe  like 
curve  for  a  great  distance.  Both  these  objects  are  easily  seen  under  proper  conditions  with  a 
small  telescope.  On  the  western  side  of  the  Mare  Humorum  are  three  large  and  prominent 
curved  valleys,  running  concentric  with  the  shore  of  this  sea.  The  longest  one  has  a  course 
of  190  miles.  This  group  comprises  the  most  remarkable  and  finest  system  of  valleys  on 
the  Moon. 

Clefts. — ^The  true  clefts,  of  which  there  are  several  hundred  already  known,  are  in  the  nature  of 
cracks  or  crevasses.  Some  are  of  considerable  size  and  quite  conspicuous,  whilst  others  are  so  narrow 
that  they  test  the  defining  power  of  our  best  telescopes.  These  cracks  differ  from  the  valleys  in  that 
their  sides  are  very  jagged,  and  frequently  disturbed  by  the  intrusion  of  craterlets  along  their  course, 
and  are  probably  caused  by  the  once  plastic  surface  contracting  during  the  period  when  it  was  becoming 

solidifie  d. 
Most  of  these 
clefts  are 
found  in  the 
northern 
hemisphere, 
where  the 
Maria  and 
other  level 
surfaces  ab- 
ound; they  are 
quite  absent 
from  the 
mountainous 
regions  of  the 
south.  Many 
of  the  ring 
plains  are  tra- 
versed  by 
them.  Fine 
systems  of 
clefts  will  be 
found  on  the 
interior  of  At- 
las.  Posi- 
donius,  and 
G  a  s  se  n  d  i , 
whilst  on  the 

interior  of  Alphonsus  several  of  these  are  found  to  be  associated  with  the  well-known  dark 
areas  in  that  crater,  from  which  they  issue  like  dried-up  river-beds.  Again,  on  the  open  plain  to  the 
west  of  Triesnecker  is  found  a  very  complex  system  of  clefts  of  considerable  length,  all  apparently 
having  their  source  in  one  common  centre.  Quite  close  to  these,  and  in  some  respects  physically 
connected,  are  the  great  Hyginus  cleft  and  the  long  valley-like  depression,  known  as  the  Aridaeus 
cleft,  but  having  all  the  characteristics  of  a  shallow  valley. 

A  description  of  the  Moon's  surface  would  not  be  in  any  sense  complete  unless  some  reference 
were  made  to  three  other  classes  of  formation.  These  are  the  mountain  ranges,  the  isolated 
peaks,  and  the  wonderful  systems  of  bright  streaks  or  rays  which  are  so  conspicuous  on  the 
Full  Moon's  face. 


Photo  by  permission  of]  [The  Yerkes  Observatory. ' 

THE  I^UNAR  CItA.TER  RING  TYCHO. 
This  photograph  gives  a  good  general  view  of  this  noble  object,  fifty-four  miles  in  diameter,  and  with 
rsimparts  rising  steeply  from  the  interior  to  the  height  of  16,000  feet.  In  the  centre  is  seen  a  large  moun- 
tain mass,  casting  its  shadow  for  some  miles  on  the  plain  at  its  feet.  This  crater  is  the  centre  of  the 
greatest  system  of  bright  rays  on  the  Moon.  The  shape  of  Tycho  is  circular,  the  elliptical  appearance 
being  due  to  foreshortening,  because  the  Moon  is  a  globe. 
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Mountain  Ranges,  etc.  —The  most  striking  feature  presented  by  the  Moon  when  viewed  through 
a  good  telescope  is  the  extremely  rugged  and  mountainous  character  of  much  of  its  surface,  all  of 
which  indicates  that  at  some  time  or  other  it  must  have  been  the  scene  of  the  most  appalling 
disturbance  or  upheaval.  The  mountains  of  the  Moon  lose  nothing  in  comparison  with  those  of  the 
Earth  on  the  score  of  size  and  height.  Reliable  measures  of  these  mountains  show  peaks  rising  to 
25,000  or  26,000  feet.  The  surface  to  the  south,  whilst  very  rugged  and  broken  by  all  kinds  of  crater- 
like formations,  possesses  no  well-defined  mountain  ranges.  These  are  however  found  in  the  northern 
hemisphere.  There  they  are  seen  to  form  the  boundaries  of  some  of  the  large  Maria  or  seas.  The 
principal  ranges  are  the  Alps,  the  Caucasus,  and  the  Apennines.  They  form  a  massive  range 
of  peaks  bordering  the 
western  side  of  the  Mare 
Imbrium,  and  separating 
it  from  the  Mare  Serenitatis. 

These  names  were  given 
by  old  astronomers  from  some 
fancied  resemblance  to  their 
terrestrial  namesakes.  They 
even  went  so  far  as  to 
name  one  of  the  peaks  in  the 
Lunar  Alps  Mont  Blanc, 
which  rises  some  12,000  feet 
above  the  plain  at  its  base. 
Many  other  peaks  in  the 
same  range  rise  from  5,000 
to  8,000  feet.  The  massive 
Caucasus  range,  though  not 
so  high  as  the  Alps,  boasts 
one  peak  near  the  ring  plain 
Calippus,  which  towers  to 
the  height  of  19,000  feet. 
The  Apennines,  however, 
are  the  most  important 
mountain  range  on  the  Moon. 
It  extends  in  an  enormous 
curve  some  400  miles,  ter- 
minating on  the  south-east 
at  the  fine  ring  plain  Era- 
tosthenes, where  the  massive 
Mount  Wolf  is  found  rising 
about  12,000  feet.  There 
are  upwards  of  3,000  well- 
defined  peaks  in  this  range 
of  mountains.  Other  moun- 
tain ranges,  of  which  space 
will  not  allow  any  descrip- 
tion, are  the  Taurus  Moun- 
tains, the  Harbinger  Moun-  Pf'oloby]  [Ycrkcs  Observalory. 
.     ■            ,,        AU    ■     M          +    •                                                                  "•""'■"    ^'ARE   SERENITATIS. 

lains,  tne  Altai  Mountains,  xhe  photograph  shows  the  whole  of  the  Hare  Serenitatis,  with  the  crater  Bessel  near 
and  the  Riphaean  range.  ^^^  upper  part.  On  the  upper  edge  is  the  large  crater  ring  Plinius,  aiul  from  this 
p>.i  ■<■      f  ^       running  all  down  the  left  side  is  a  curious  serpentine  ridge.    Other  ridges  of  a  similar 

Utner    ranges     are    situated       nature  arc  found  in  many  places  on  the  .Moon,  but  mostly  on  the  surface  of  the  "seas." 


Painting]  [liy  Artnur  iu^ale. 

THE   MOON'S   HAI<0. 

An  effect  produced  by  innumerable  prism-shaped  crystals  of  ice  suspended  in  the  atmosphere  aiid  distani;  forty-five  times 

the  diameter  of  the  Moon's  disc  from  the  outer  edge  of  the  Moon.    The  halo,  or  glory,  has  prismatic  colourings,  the  red  tint  at 

the  edge  nearest  the  Moon  and  the  blue  on  the  outer  margin.     This  distinguishes  the  phenomenon  from  the  more  usual  corona, 

which  is  due  to  aqueous  vapour  and  is  coloured  blue  nearest  the  luminary  and  red  towards  the  exterior  rim. 


Photo  by]  [Mount  IVilson  Observatory, 

REGION  NEAR  THE  CENTRE  OF  THE  MOON. 
This  is  another  reproduction  of  one  of  the  latest  photographs  taken  at  Mount  Wilson  Observatory,  and  shows  a  wonderful 
amount  of  fine  detail.  A  number  of  curious  longitudinal  valleys  will  be  seen  cutting  through  mountainous  districts.  The 
large  ring  plain  at  the  bottom  is  Pto'.emaeus,  and  above  this  Alphonsus  and  Arzachel,  and  to  the  left  of  these  objects'the 
rugged  nature  of  the  surface,  as  seen  under  the  rays  of  the  setting  Sun,  is  well  brought  out.  The  "  Straight  Wall  "  will  be 
noticed  at  the  upper  right-hand  side,  and  a  little  farther  to  the  right  of  this  is  a  long  valley  running  parallel  with  it. 
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so  near  the  edge  of  the  Moon   that  their  peaks   are  often  seen  in  profile  against   the  sky,  and 
when  thus   observed  present  a  most    charming  and    interesting  spectacle. 

Isolated  Mountains. — ^There  are  many  instances  of  isolated  mountain  masses  to  be  found 
on  the  surface,  more  especially  on  the  Maria,  where  they  seem  to  have  survived  the  levelling 
action  of  the  molten  lava  which  surged  around  them.  One  well-known  peak  is  Pico,  which  will 
be  found  on  the  open  plain  to  the  south  of  Plato.  There  are  several  other  objects  of  this  class 
close  by.  When  seen  under  oblique  illumination  they  are  very  striking  objects,  their  white 
surfaces  showing  up  in  strong  contrast  to  the  long  spire-like  black  shadows  they  cast  on  the 
level  country  at  their  base. 

The  Bright  Streaks  or  Rays. — These  are  very  conspicuous  under  a  high  light  at  or  near  the  time  of 
Full  Moon.  They  are  generally  associated  with  some  large  crater  ring,  from  which  they  radiate  in 
all  directions  to  great  distances.  Their  nature  and  origin  have  never  been  satisfactorily  explained, 
and  at  present  they  form  one  of  the  unsolved  enigmas  of  the  Moon.  So  complex  are  they  in  form 
and  so  indefinite  in  outline 
that  no  one  has  attempted 
the  almost  impossible 
task  of  mapping  them. 
We  have  therefore  to 
rely  exclusively  on  photo- 
graphic pictures  to  show 
the  true  aspect  of  these. 
The  most  prominent  of 
these  systems  of  bright  rays 
is  that  which  is  associated 
with  the  deep  well-formed 
crater  Tycho,  found  in 
the  mountainous  district 
towards  the  south  pole, 
easily  visible  on  the  photo- 
graphs as  well  as  in  the 
smallest  of  telescopes. 
These  rays  do  not  radiate 
from  the  centre  of  Tycho. 
but  from  a  spot  a  little  to 
the  east  of  it.  They  can 
be  traced  for  several  hun- 
dreds of  miles,  passing 
over  mountain  and  plain 
without    interruption. 

Other  systems  of  less  importance,  but  almost  as  conspicuous,  are  found  associated  with  the 
craters  Copernicus,  Kepler,  Anaxagoras,  Aristarchus,  and  several  others  ;  whilst  minor  systems 
are  to  be  seen  in  connection  with  the  following  crater  rings  :  Autolycus,  Aristillus,  Proclus, 
Furnerius,  and  Menelaus. 

Several  theories  have  been  put  forward  to  explain  the  nature  of  these  markings,  but  one  and 
all  are  open  to  serious  objection.  Obviously  they  are  in  the  nature  of  superficial  markings, 
as  no  elevations  are  found  to  follow  their  tracks  across  the  level  plains.  The  most  probable 
explanation  is  that  they  mark  the  course  of  cracks  in  the  surface  from  which  whitish  material  has 
been  ejected  and  deposited  along  each  side.  In  many  cases  little  bright  craters  are  found  on  these 
streaks,  which  seems  to  lend  some  weight  to  the  eruptive  theory.  Another  ingenious  theory  has 
been  propounded  by  Mr.  H.   G.  Tomkins,   F.R.A.S.,   in  which  he  suggests  that  these  streaks  are 


From  a  Drawing]  [By  Ike  Abbi  Moreux. 

A   CtEFT   IN   THE   MOON'S   SURFACE    NEAR   HYGINUS. 
The  Hyginus  Cleft  is  a  wide  rugged  valley  near  the  Moon's  centre,  and  is  seen  on  many 
photographs,  also  being  visible  in  a  small  telescope.    It  is  probably  volcanic  in  its  origin 
and  its  course  in  some  places  seems  to  be  interrupted  by  small  craters.     Its  depth  is 

unknown. 
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actually  deposits  of  salt  left  by  the  ancient  oceans.  He  has  found  large  tracks  in  Northern  India, 
where  salt  has  been  exuded  from  the  subsoil,  and  becomes  visible  in  the  dry  season  as  white  streaks 
extending  for  long  distances. 

Having  thus  briefly  and  incompletely  described  the  principal  objects  found  on  the  Moon,  it  will 
be  interesting  to  trj'  and  ascertain  what  is  the  probable  cause  or  causes  which  have  produced  the 
aspect  which  this  surface  presents.     Generally  speaking  two  theories  are  held  to  explain  things  as 

they  are  at  present.  The  one  ascribes 
the  origin  of  the  lunar  formations  to 
volcanic  energy  acting  from  within; 
and  the  other  to  forces  external  to 
the  Moon,  or,  in  other  words,  to  the 
impacts  o£  foreign  bodies  on  its  surface. 
The  former  view  is  the  one  held  by 
the  majority  of  astronomers,  and 
especially  by  those  who  have  made  a 
study  of  the  Moon's  surface  by  means 
of  adequate  telescopic  aid.  The  min- 
ority hold  to  the  impact  theory.  R.  A. 
Proctor  once  held  this  view,  but  in  his 
later  days  disowned  it.  Professor 
Shaler,  the  distinguished  American 
geologist,  held  similar  opinions  in 
a  modified  form,  and  he  believed 
that  the  lunar  Maria,  great  and  small, 
were  the  result  of  the  impacts  of 
bolides  ten  to  fifteen  miles  in  diameter. 
The  latest  advocate  of  note  is  Dr.  See, 
an  American  astronomer,  who  holds 
the  same  views  regarding  the  formation 
of  the  lunar  seas  as  enunciated  by 
Shaler.  Dr.  See  is  also  a  firm  believer 
in  the  "  capture  "  theory,  which  ac- 
counts for  the  growth  of  the  planetary 
bodies  by  their  capture  of  vast  quanti- 
ties of  meteorites  or  small  planetary 
bodies  moving  in  space,  and  he  regards 
the  Moon  as  a  planet  which  has  grown 
to  its  present  size  by  the  constant  rain 
of  meteors,  both  great  and  small,  on 
its  surface. 

There  are  many  and  serious  ob- 
jections to  this  impact  theory  which 
space  does  not  allow  to  be  fully  dis- 
cussed here.  Only  a  brief  allusion  to 
some  can  therefore  be  made.  We  find 
on  the  Moon,  as  already  stated,  plains . 
surrounded  by  mountain  rings  of  all  sizes  up  to  150  miles  in  diameter.  Judging  from  appearances 
the  large  rings  are  amongst  the  oldest  formations,  the  smaller  and  more  regularly  circular  objects 
having  appeared  at  a  later  date,  and  probablj'  the  smaller  the  crater  the  later  has  been  the  date  of  its 
birth.     If  we  accept  the  impact  theory  we  must  assume,  which  is  very   unlikely,  that   the  largest 
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MAP  OF  THE  MQON  BY  DE  RHEITA. 
De  Rheita  was  one  of  the  earliest  of  the  selenographers,  and  this  map — 
made  in  1645 — shows  what  he  was  able  to  distinguish  on  the  lloon  with 
his  poor  telescope.  The  crater  at  the  upi)er  part  of  the  disc  is  no  doubt 
Tycho,  and  from  which  he  draws  a  number  of  radiating  bright  streaks. 
He  also  shows  very  well  the  various  Maria,  or  seas,  and  the  craters 
Copernicus  and  Kepler,  with  their  surrounding  bright  areas. 


Plioto  by]  [Mount   Wilson  Observatory ■ 

REGION    NEAR    THE    MOON'S    SOUTH    POI^E. 
This  is  reproduced  from  one  ot  tlie  magnificent  lunar  pliotograplis  taken  at  Mount  Wilson,  in  California,  by  the  use  ol  the 
great  Hooker  Telescope  of  100  inches  diameter,  and  shows  more  fine  detail  than  any  other  photbgraph  yet  secured.     The 
upper  part  extends  to  the  south  pole.    The  surface  will  be  found  to  be  pitted  all  over  with  small  craterlets  from  half  a  mile 
in  diameter  and  upwards.    The  Sun  is  setting  on  the  extreme  left  of  the  picture  and  already  many  of  the  rings  are  filled  with 

the  shadow  of  night. 
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bodies  fell  on  the  Moon  in  its  earliest  days,  and  they  were  followed  later  by  smaller  and  still 
smaller  bodies  in  greatly  increasing  numbers,  until  the  time  arrived  when  the  supply  was 
exhausted. 

Again,  as  already  pointed  out,  craters  are  often  found  in  pairs  very  much  alike  in  all  respects. 
To  account  for  these  by  the  impact  theory,  we  shall  have  to  assume  that  these  impacting  bodies 
tra\elled  in  pairs  with  equal  dimensions,  which  again  is  very  unlikely.  A  third  objection  is  seen  in 
the  fact  that  we  find  on  the  Moon  craterlets  in  rows,  with  their  rims  in  contact  or  confluent,  also  many 
of  these  "  crater  chains,"  as  they  are  termed,  run  in  curves  or  segments  of  circles,  and  it  is  almost 

impossible  to  conceive  that  the  impacting 
bodies  should  be  endued  with  the  power 
of  arranging  themselves  in  this  manner. 

On  the  other  hand,  volcanic  force 
seems  quite  capable  of  forming  the  crater 
rings,  both  large  and  small,  whilst  the  seas 
and  large  walled  plains  may  have  been 
formed  by  the  subsidences  of  the  Moon's 
surface,  caused  by  the  cooling  and  con- 
traction of  its  crust.  If  the  Moon's  crust 
in  places  was  fractured  by  contraction  the 
molten  material  below  would  well  up 
through  such  openings  and  spread  out  on 
all  sides,  melting  down  the  rugged  surface 
in  every  direction,  and  continue  to  do  so 
until  its  energy  was  dissipated  by  cooling ; 
then  the  levelled  surface  would  become 
firm  and  assume  its  present  terminal 
appearance.  Some  of  the  large  crater 
rings,  from  their  massive  prof)ortions, 
seem  to  have  been  able  to  withstand  this 
melting  power,  and  of  these  notable 
examples  are  found  in  the  case  of  Coper- 
nicus, Bullialdus,  Aristillus,  Gassendi, 
Petavius,  and  Archimedes,  but  in  respect 
of  the  last  three  named  it  is  obvious  that 
the  height  of  their  original  ramparts  has 
been  much  diminished  by  erosive  forces. 

It  has  been  urged  that  some  of  the 
mountain-ringed  plains  are  too  large  to 
have  been  formed  by  volcanic  agency, 
but  we  must  not  lose  sight  in  this  connec- 
tion of  the  fact  that  the  force  of  gravity 
on  the  Moon  is  only  one-sixth  of  the  same 
force  on  the  Earth,  and  assuming  the 
eruptive  power  to  be  the  same  in  both  cases,  it  seems  quite  reasonable  to  expect  craters  on 
the  Moon  to  be  six  times  as  large  as  on  the  Earth,  where  even  craters  of  twenty  miles  in 
diameter  are  known  to  exist.  Further,  it  must  be  borne  in  mind  that  the  surface  rocks  on 
the  Moon  are  probably  of  much  lighter  material  than  those  on  the  Earth.  A  large  crater  is 
said  to  exist  in  the  Island  of  Mauritius,  about  twenty  miles  in  diameter,  and  there  is  another 
in  Central  Africa,  recently  explored,  measuring  about  ten  miles  in  diameter,  surrounded  by 
cliffs   rising    to    1,000  feet. 


FromaMudcl,  '' •    / '""  -V^my'*- 

THE  MOON'S  SURFACE  MODELLED. 
Nasmyth  made  a  careful  study  of  the  Moon's  surface  by  means  of 
a  powerful  telescope.  He  made  models  in  plaster  of  many  of  the 
lunar  formations  and  the  above  js  a  good  example  of  his  work.  It 
gives  a  very  realistic  idea  of  what  is  seen  in  the  telescope.  These 
models  were  then  photographed  under  oblique  light. 


MAGINARY    LANDSCAPE    ON     MARS. 


Three-fifths  of  Mais  surface  is  covered  by  bright  orange  regions,  probably  deserts  of  red  sand.  The  remaining  two-fifths  are  occupied 
by  dusky  green  regions  usually  believed  to  be  vegetation.  The  only  water  on  Rlars  is  probably  that  surrounding  the  melting  snows  at 
the  poles.  Some  astronomers  believe  that  the  straight  dark  streaks  crossing  both  dark  and  bright  areas  are  artificial  canals,  built  for 
the  purpose  of  making  the  best  use  of  this  scanty  water  supply.  They  do  not  consider  that  we  see  the  canals  themselves,  but  rather 
the  vegetation  growing  upon  their  banks,  when  the  water  from  the  poles  is  filling  them.  In  addition  to  these  things  this  picture 
illustrates  a  sandstorm — a  phenomenon  believed  to  be  common  on  the  planet.  It  would,  however,  appear  more  plausible  that,  if  there 
are  canals,  they  would  consist  of  some  form  of  pipe  system  ;  otherwise  we  cannot  well  explain  how  the  water  flows  across  the  planet 
or  why  it  does  not  immediately  evaporate  owing  to  the  rai-eness  of  the  atmosphere  of  Mars. 
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The  present  condition  of  the  Moon's  surface. — -Upon  this  matter  various  views  are  held,  for  the 
support  of  which  plausible  reasons  are  given.  The  diihculty  in  settling  this  point  is  our  inability  to 
reproduce  in  our  laboratory  experiments  the  exact  conditions  which  exist  on  the  Moon.  It  has  been 
assumed  for  many  years  past  that  the  Moon  possesses  neither  atmosphere  nor  water,  and  in 
consequence  is  unsuitable  for  the  existence  of  animated  life,  and  further,  is  not  subject  to  such 
physical  changes  as  are  in  constant  operation  on  the  Earth.  In  fact,  it  is  assumed  that  the  Moon's 
surface  has  arrived  at  its  terminal  condition,  and  there  is  nothing  more  to  be  learned  from  it. 
These  widely  held  opinions  have  led  professional  astronomers  to  discontinue  their  observations  of 
this  body,  and  to  direct  their  attention  to  other  branches  of  Astronomy  which  promise  better 
and  more  immediate  results.  This  field  has  consequently  been  left  open  for  amateur  observers 
for  a  long  time  past.  The  opinion  that  the  Moon  has  no  atmosphere  has  in  recent  years  had  to 
be  somewhat  modified  or  abandoned,  and  if  certain  appearances  which  have  been  seen  are 
rightly  interpreted  they  show  that  after  all  some  kind  of  atmosphere  exists,  though  admittedly 
of  great  tenuity.  The 
best  test  for  the  existence 
of  an  atmosphere  is  to 
note  whether  stars  which 
are  occulted  by  the  Moon 
show  any  tendency 
through  refraction  to 
remain  visible  for  a  few 
seconds  longer  than  they 
should  do  if  they  had  no 
atmosphere  to  traverse, 
before  being  blotted  out 
by  the  solid  body  of  the 
Moon  passing  in  front  of 
them. 

Generally  stars  when 
occulted  disappear  in- 
stantaneously, but  there 
are  many  instances  on 
record  where  the  light 
of  the  star  has  faded 
out  gradually.  But  this 
behaviour  of  the  star 
would  be  the  same  if  it 
passed  along  some  valley 
between  the  mountains  which  were  in  profile  on  the  limb.  There  are  also  many  records  of  local 
obscurations  of  portions  of  the  surface  which  cannot  be  explained  unless  we  assume  the  existence 
of  low  lying  vapour  or  mist.  Various  estimates  as  to  the  density  of  the  lunar  atmosphere  have  been 
made,  deduced  from  observed  facts.  Neison's  estimate  is  that  it  is  300  times  less  dense  than  the 
Earth's  atmosphere,  whilst  Professor  W.  H.  Pickering  arrives  at  the  conclusion  that  the  Moon's 
atmosphere  is  only  equal  in  density  to  that  of  the  Earth's  at  an  elevation  of  forty-five  miles. 

As  regards  the  existence  of  water,  this  has  been  denied,  and  some  hold  that  the  Moon  never 
possessed  any,  and  further,  that  the  evidences  of  erosion  are  only  due  to  the  flow  of  lava. 
Professor  Pickering,  on  the  other  hand,  considers  he  has  found  evidence  that  the  Moon 
once  pMjssessed  water,  though  in  small  quantities.  He  thinks  that  during  the  eruptive  period 
of  its  history  vast  quantities  of  water  in  the  form  of  hot  springs  and  geysers  were  expelled, 
and  he  has  found  what  he  terms  river-beds,  in  which  this  water  was  carried  away  from  its  source. 


From  a  Drawing]  [By  the  Abbi  Moreux. 

PERSPECTIVE   VIEW    OF   A   I^UNAR   MOUNTAIN    RING. 

This  gives  a  realistic  view  of  the  rough  surface  of  many  parts  of  the  Moon's  surface.    In 

the  foreground  is  a  crater  ring,  showing  peaks  on  its  wall,  and  a  central  mountain  cone. 

The  wall  is  in  parts  double — the  result  of  landslips — and  this  feature  is  a  very  common  one 

in  connection  with  the  lunar  craters. 
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If  the  Moon  ever  possessed  large  quantities  of  water  what  has  become  of  it  ?  Neison,  in  answer 
to  this,  suggests  that  it  has  been  withdrawn  into  the  interior  through  faults  and  cracks  in  the  surface. 
If  so,  this  would  account  for  the  occasional  local  obscurations,  which  suggest  that  water  vapour  in 
small  quantities  still  exists. 

Changes  in  temperature. — ^Does  the  Moon  get  very  hot  during  the  long  exposure  to  the  Sun's  rays, 
for  a  period  equal  to  fourteen  of  our  days  in  each  month  ;  and  conversely,  does  it  get  very  cold  during 
the  equally  long  period  of  darkness  ?  Opinions  on  these  two  points  differ  greatly.  Some  suggest 
that  radiation  from  its  surface  is  so  rapid  that  it  does  not  actually  get  warm,  and  others  say  that  the 


MAP   OF  THE   MOON. 

This  is  a  copy  of  one  of  the   sections   (No.  1)   of  a  large   map  of   the  iloon,   drawn  by  the  writer,   reduced  to  about 

one-third  of  the  size  of  the  original.    It  includes  a  region  round  the  centre  of  the  disc.      It  shows  several  of  the  objects 

referred  to  in  the  text,  notably  the  system  of  clefts  west  of  Triesnecker — the  Hyginus  Qeft  and  the  large  motmtain-ringed 

plain  Ptolemaeus.    The  scale  is  about  eighty  miles  to  one  inch. 
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surface  is  constantly  ice-bound.  Xcarly  all  are  agreed,  however,  that  the  cold  of  the  Moon's  long 
night  must  reduce  the  surface  temperature  to  that  which  exists  in  space  and  atout  which  we  have  no 
certain  knowledge. 

Professor  Very  has  for  many  years  given  attention  to  the  question  of  the  day  temperature  on  the 
Moon,  and  by  the  use  of  a  greatly  improved  bolometer  has  recently  arrived  at  the  conclusion  that 
not  until  the  Sun  has  reached  an  altitude  of  fifteen  degrees  in  the  Moon  sky  dees  the  temperature  rise 
above  freezing  point,  then  as  the  Sun  rises  higher,  the  temperature  rises  until  at  the  tin-.e  it  is  overhead 
the  rocky  surface  has  become  as  hot  as  boiling  water,  whilst  towards  the  end  of  the  second  week  the 
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MAP    OI"    THE    MOON. 

This  is  Section   7   of   the   large   map   of    the   Moon,   drawn   by   the  writer,   reduced    to  about   one- third    of   the   size   cf 

the  original.    It  covers  a  district  to  south-east  of  the  centre,  and  shows  among  other  interesting  objects  the  long  curved 

valleys  on  the  west  side  of  the  M.  Humorura,  the  Hesiodus  Valley,  and  the  large  crater  ring  Bullialdus,  to  all  of  which 

reference  is  made  in  the  text.     The  scale  is  about  eighty  miles  to  one  inch. 
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temperature  of  the  surface  rises  to  about  356°  Fahr.  The  rocks  of  course  retain  their  heat  far  into 
the  afternoon,  after  which  the  temperature  falls  very  rapidly,  and  before  the  Sun  sets  frost  prevails, 
and  would  show  itself  in  the  form  of  hoar  frost  if  any  water  vapour  exists. 

Changes  on  the  Moon. — If  we  had  photographs  of  the  Moon  or  very  accurate  charts  made  some 
hundreds  of  years  ago,  and  could  compare  them  with  those  we  now  possess,  a  satisfactory  answer 
might  be  possible.    Unfortunately  we  do  not  possess  this  old  material,  but  we  are  doing  our  best  to 

lay  up  accurate  records  for  the 
future,  notwithstanding  the  pre- 
valent opinion  that  no  change  is 
shown.  Several  instances  of  change 
are  alleged  to  have  occurred,  but 
the  weight  of  evidence  adduced  after 
the  most  careful  consideration  seems 
to  be  against  this  view,  and  the  most 
probable  explanation  is  that  in  the 
instances  examined  the  differences 
shown  are  due  to  some  error  in 
drawing  or  description  by  the  old 
observers.  At  the  same  time  changes 
must  be  going  on  if  the  surface  is 
subject  to  the  great  variations  in 
temperature  already  alluded  to,  but 
these  are  probably  on  such  a  small 
scale,  such  as  the  result  of  landslips 
or  new  fissures  caused  by  the  secular 
cooling  and  contraction  of  its  surface 
and  similar  incidents,  as  to  be 
beyond  the  reach  of  our  telescopes. 
Should  however  a  large  change  take 
place,  caused  by  subsidence  of  the 
surface  over  a  considerable  area,  or 
the  collapse  of  some  crater  ring, 
or  the  appearance  of  a  new  crater  of 
any  size,  on  a  well-mapped  part  of 
the  Moon,  it  would  be  discovered  in 
a  short  time. 

Vegetation  on  the  Moon. — Before 
closing  this  description  of  our  Moon's 
surface  some  reference  must  be 
made  to  the  researches  of  Professor 
W.  H.  Pickering,  in  which  he  claims 
as  the  result  of  his  observations 
made  in  Jamaica  under  the  best 
seeing  conditions,  that  he  has  discovered  certain  seasonal  changes  in  respect  to  portions  of  the 
surface  which  can  only  be  satisfactorily  explained  on  the  assumption  that  they  indicate  the 
growth  of  some  sort  of  vegetation.  He  found  in  the  case  of  Aristillus  and  in  other  places 
as  well,  that  as  the  Sun  rose  certain  dark  surface  markings  gradually  developed,  and  pursued 
a  systematic  change  in  form  and  size  as  the  lunar  day  progressed.  These  dark  areas  could  not  be 
shadows  as  the  Sun's  rays  were  overhead,  or  nearly  so,  and  he  thinks  that  the  vegetation 
passes  through  all  the  stages  of  what  we  know  as  spring,  summer,  and  autumn,  during  the  fourteen 


MOUNTAIN-RINGED    PI,AIN. 
This  is  a   drawing  of   the  tnoun^in-ringed  plain   Gassendi,   by  Mr.  J.  W. 
Durrad,  K.R.A.S.     It  shows  the  remarkable  system  of  cracks  on  the  interior, 
and  the  multiple  central  mountain.  Gassendi  is  fifty-five  miles  in  diameter. 
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days  when  the  surface  is  exposed  to  the  continuous  influence  of  the  Sun's  rays.  Other 
astronomers,  mostly  amateurs,  are  now  directing  their  attention  to  these  and  similar  instances  of 
seasonal  change,  with  the  hope  that  evidence  will  accumulate  to  test  the  soundness  of  the 
Professor's 
views.  In 
the  foregoing 
pages  it  will 
be  gathered 
that  whilst 
in  the  aggre- 
gate our  pre- 
sent know- 
ledge of  the 
Moon  and  its 
surface  con- 
ditions is 
fairly  com- 
plete, the 
result  of  so 
much  stren- 
uous  and 
persisten  t 
work  spread 
over  the  last 
100  years, 
in  which  the 
work  of 
a  m  a  t  e  u  r 
astronomers 

forms  the  larger  part,    there  still  remain  many  enigmas  which   we  can  only  hope  will  be  solved  by 
the  continued  efforts  of  the  lunar  observers  of  the  present  and  future  generations. 


From  a  Drawing]  [By  the  Abbe  Moreux. 

THE    "  STR.'VIGHT    WALI.  "    ON    THE    MOON. 
This  unique  and  remarkable  formation  is  shown  in  a  realistic  way  by  the  artist.      It  is  a  vertical  escarpment 
or  range  of  cliffs  about  500  feet  high,  running  along  the  edge  of  a  gigantic  fault  in  the  surface.     At  its  foot 

a  deep  ravine  has  been  suspected. 


CHAPTER   VII. 
MARS. 

By  R.  L.  Waterfield,  F.R.A.S.  .  : 

FOR  a  few  months  every  two  years  a  brilliant  orange-red  star  makes  its  appearance  in  our  skies. 
It  is  the  planet  Mars,  the  one  world  whereon  we  find  conditions  comparable  to  those  on  Earth. 
There  we  have  discovered  much  that  is  akin  to  this  world ;  perhaps  also  we  have  found  indica- 
tions of  something  akin  even  to  ourselves. 

Mars  is  the  nearest  planet  outside  the  orbit  of  the  Earth.  We  do  not,  however,  approach  so  close 
to  it  as  we  do  to  Venus,  yet  we  can  see  a  great  deal  more  upon  its  surface  owing  to  the  clearness  of  its 
atmosphere.  Mars  moves  round  the  Sun  in  a  somewhat  elongated  orbit,  its  distance  from  it  varying 
from  130  million  miles  to  155  million  miles.  The  Earth's  orbit  is  elongated  to  a  smaller  extent,  but  the 
direction  of  its  elongation  is  not  the  same.  The  two  orbits,  therefore,  lie  closer  together  in  some  places 
than  in  others ;  their  smallest  separation  is  35  million  miles,  their  greatest  65  million  miles.  To  make 
a  complete  journey  round  the  Sun,  Mars  takes  687  of  our  days,  so  that  h\?,  year  is  nearly  twice  as  long 
as  our  own.     This  will  mean  that  the  Earth  must  overtake  and  pass  comparatively  close  to  Mars  at 
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Dr.  W.  H.  SUavcnson, 
MARS  AND  ITS  MOONS. 
Two  moons,  each  less  than  ten  miles  in  diameter,  move  round  Mars.    The  picture  illustrates  their  relative  distances  from  Mars' 
surface.    The  time  taken  by  the  nearer  one,  PImbns,  to  move  round  JIars  (the  Martian  month)  is  shorter  than  the  Martian  day  ! 

intervals  of  about  two  years  and  two  months.  The  diagram,  page  297,  shows  that  at  these  times  of 
passing  the  two  planets  are  nearer  together  than  at  others,  Mars  being  then  in  the  opposite  part  of  the 
sky  to  the  Sun  :  rising  at  sunset  and  reaching  its  highest  in  the  sky  at  midnight.  These  occasions  are 
called  oppositions.  Since  they  occur  every  two  years  and  two  months,  an  opposition  in  August  will 
be  followed  two  years  later  by  one  in  October.  We  see  from  the  diagram  that  the  closest  oppositions 
are  those  occurring  nearest  to  August  2o,  and  the  most  distant  those  nearest  to  February  25.  For  seven 
and  a  half  years  following  the  best  opposition  each  succeeding  one  will  be  less  favourable  ;   after  that 

they  will  improve,  and  another  close 
opposition  will  occur  after  a  complete 
cycle  of  fifteen  years.  During  the  last 
fifteen  years  the  most  favourable  op- 
position was  that  of  1909.  The  next, 
in  1924,  will  be  even  closer  ;   one  of  the 

closest  of  the  century. 

*  *  *  * 

The  history  of  Martian  discovery 
dates  from  the  invention  of  the  tele- 
scope. When  Galileo  first  examined  the 
planet  about  1610  he  noticed  that  it 
did  not  always  appear  round.  Like  the 
Moon  it  was  subject  to  phase,  but  unUke 
the  Moon  its  disc  never  departed  from 
the  complete  circle  more  than  does  our 
satellite  when  three  or  four  days  from 
the  F'ull.  In  1636  Fontana  caught 
glimpses  of  dusky  markings  scattered 
upon  the  orange  disc  of  the  planet,  but 
many  years  elapsed  before  they  were 
seen  clearly  enough  to  be  drawn.  The 
FIRST  DRAWiNo  OF  5L\RS-HUYGHENS.  ^^^^  drawing  was  made  by  Huyghens  on 

Thisdrawingwasmadeat  7  p.m.  November  28.  1659.  It  shows  the  SvWis  November  28,  1659.  It  SOOn  became 
A/a/or.  one  of  the  .larkest  markinKS  on  the  planet.  By  usin«  it  in  con-  apparent  that  the  markings  had  per- 
ne.Mon  with  the  modem  observations  the  rotation  jwricKl  of  Mars   has  ■  '  .  . 

been  dctemiinctl  to  wdthin  onc-iiftieth  of  a  second  !  manent  forms,  and  wcre  being  Carried 


By  permission  of]  [Mrs.  Lowell. 

THE  I<OW'EI,L  TWENTY-FOUR-INCH  TELESCOPE, 
In  1894  the  late  Dr.  Percival  Lowell  founded  an  observatory  at  Flagstaff,  in  Arizona,  primarily  for  the  purpose  of  studying  Mars. 
In  addition,  however,  an  immense  amount  of  work  has  been  done  in  other  branches  of  Astronomy.  The  original  telescope  was 
eighteen  inches  in  diameter,  but  this  was  replaced  in  1896  by  the  twenty-four-inch  telescope  made  by  Alvan  Clark.  This  Is 
reputed  to  be  one  of  the  most  optically-perfect  telescopes  ever  made.  The  atmospheric  conditions  at  Flagstaff  are  probably 
superior  to  those  of  any  other  observatory.     In  1896  the  telescope  was  moved  temporarily  to  Mexico. 


^   "«   S.J5 
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continuously  in  a  west  to  east  direction  by  the  rotation  of  the  planet  on  its  axis.  In  1666  Cassini 
made  a  rough  determination  of  the  rotation  period,  and  found  that  the  Martian  day  was  about  forty 
minutes  longer  than  our  own.  In  1719  Maraldi  noticed  at  the  upper  and  lower  extremities  of  the  disc 
two  white  patches  which,  unlike  the  dark  markings,  seemed  to  be  more  or  less  fixed  in  position.  He 
therefore  inferred  that  they  were  situated  at  the  poles  of  the  planet.  Furthermore,  he  found  them 
to  be  variable  in  size.  In  the  latter  years  of  the  Eighteenth  Century  Sir  William  Herschel  confirmed 
the  general  permanence  of  the  dark  markings,  but  showed  that  they  were  subject  to  slight  changes  in 
appearance  as  if  they  were  occasionally  obscured  by  clouds  floating  in  a  Martian  atmosphere.  He 
also  proved  that  the 
variations  in  the  size 
of  the  white  pole-caps 
corresponded  with  the 
Martian  seasons.  From 
their  behaviour  he  sug- 
gested that  they  were 
regions  of  snow  analog- 
ous to  those  about  our 
own  poles. 

The  opposition  of 
1830  was  the  closest 
opposition  of  the  Nine- 
teenth Century.  The 
opf)ortunity  was  taken 
by  Beer  and  Madler  for 
making  the  first  sys- 
tematic chart  of  the 
planet.  This  earliest 
map  of  Mars  was  pro- 
duced in  1840.  Its 
authors  assigned  to  it 
lines  of  latitude  and 
longitude  similar  to 
those  on  our  own  maps. 
Thus  did  they  lay  the 
foundations  of  Martian 
' '  geography. ' '  Other 
maps  followed,  each 
better  than  its  pre- 
decessor :  Proctor's  in 
1869,  from  Dawes' 
drawings  ;  Kaiser's  in 
1872;  Green's  in  1877; 
and  many  others.     In 

these  maps  the  dark  markings  were  called  seas  and  the  orange  regions  continents,  for  such  was  believed 
to  be  the  nature  of  the  Martian  surface. 

In  the  year  1877  the  world  was  startled  by  an  amazing  discovery.  Owing  to  the  remarkable 
proximity  of  the  planet,  Giovanni  Schiaparelli,  the  director  of  the  Milan  Observatory,  had  taken  the 
opportunity  of  making  a  "  trigonometrical  survey  "  of  the  Martian  surface.  He  had  not  long  been 
engaged  upon  this  work  when  he  became  aware  of  a  number  of  dusky  streaks  crossing  the  bright 
regions,  or  continents.     These  he  named  canali,  which  is  the  Italian  for  "  channels."     His  announce- 


ORBITS  OF  MARS  AND  EARTH. 
The  inner  orbit  is  that  of  the  Earth  ;  the  outer  that  of  Mars.  As  the  two  planets  revolve  round 
the  Sun,  S,  the  Earth  catches  up  Mars  and  passes  it  every  two  years  and  two  months.  The 
two  planets  are  then  close  together,  and  Mars  is  said  to  be  in  "  opposition."  The  dates  in  the 
figure  show  how  successive  oppositions  occur  at  diiTerent  months  :  that  of  1892  was  in  August, 
1894  in  October,  &c.  It  will  be  also  clear  how  the  distances  vary  from  one  opposition  to  another ; 
those  occurring  round  August  being  the  nearest,  such  as  in  1892  and  1894,  1907  and  1909.  The 
points  P  and  A  are  where  Mars'  orbit  is  closest  and  farthest  from  the  Sun  respectively.  P'  and 
A'  have  the  same  significance  with  reference  to  the  Earth's  orbit. 
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mcnt  was  imnudiatdy  met  by  a  quite  unwarranted  scepticism,  due  largely,  no  doubt,  to  the 
mistranslation  of  canali  by  "  canals,"  a  word  taken  to  imply  something  artificial.  In  1879  Schiaparelli 
reobserved  his  original  canal:  and  discovered  many  new  ones.  They  seemed  now  much  narrower, 
straighter.  and  more  regular  than  he  had  at  first  supposed.  In  1881  they  seemed  even  more  geometrical 
in  character.  But  what  was  yet  more  surprising  was  that  some  of  them  had  become  double— where 
before  there  had  been  but  one  line,  two  parallel  lines  now  lay.  His  critics  were  dumbfounded ;  nobody 
had  so  much  as  seen  these  geometrical  lines ;  surely  their  duplication  could  only  be  a  proof  that 
Schiaparelli  was  a  victim  of  illusions  !  It  was  not  until  1888  that  other  observers  succeeded  in  seeing 
the  canali.  Among  the  first  were  M.  Perrotin,  with  the  thirty-inch  telescope  at  Nice ;  Mr.  Stanley 
Williams,  with  a  six  and  a  half  inch  telescope  in  England ;  and  the  Lick  Observers,  with  the  thirty-six 
inch  telescope.     These  also  saw  some  of  the  canali  double.     There  could  no  longer  be  any  doubt  that 

these  features  had  at   least  some 
objective  existence. 

An  even  more  revolutionary  dis- 
covery was  made  in  1892  by  Pro- 
fessor Pickering  in  Arequipa.  He 
found  the  canali  were  not  limited 
to  the  conlincttts  ;  several  of  them 
could  be  seen  crossing  the  Mare 
Erythraetim,  one  of  the  seas.  In 
1894  the  late  Dr.  Lowell,  director 
of  the  Lowell  Observatory  at  Flag- 
staff in  Arizona,  and  his  assistant 
^Ir.  Douglass,  found  that  the  Mare 
Erythraetim  was  not  unique  ;  for 
all  the  seas  were  crossed  by  canali. 
It  at  once  became  clear  that  the 
seas,  whatever  they  were,  were  not 
seas  ;  for  it  is  well  nigh  impossible 
to  imagine  p)ermanent  markings  of 
this  sort  up)on  the  surface  of  water. 
Moreover,  in  that  same  year 
Dr.  Lowell  pointed  out  that  these 
dark  areas  underwent  seasonal 
change,  which  seemed  to  indicate 
JL^RS  1856,  APRIL  20-w.^RREN  DE  LA  RUE.  ^^at  they  Were,  in  reality,  regions 

At  each  of  Mars'  jxilcs  is  a  white  sno«-cap.     These  remain  in   view   while  . 

the  other  markings  are  carried  nimul  by  the  nitation  of  the  planet  in  twenty-         Ot  vegetation. 

four   hours   thirty-seven   minutes      The  dark   funnel-shaped   marking   is   the  •  «  »  *  « 

Svrtis  Major.  ,        t^       ,        •  .    . 

Mars,  like  the  Larth,  is  a  globe 
somewhat  flattened  at  its  poles.  Its  equatorial  diameter  is  4,215  miles  ;  thus  its  surface  and  volume 
are  respectively  one-quarter  and  one-eighth  of  the  surface  and  volume  of  the  Earth.  The  weight  of 
Mars,  calculated  from  the  motions  of  its  moons,  is  about  one-ninth  of  the  Earth's  weight.  From 
these  figures  it  can  be  shown  that  the  force  of  gravity  at  its  surface  is  only  one-third  of  its  value  at  the 
Earth's  surface.  .\  weight  of  nine  stone  on  Earth  would,  if  weighed  with  a  spring  balance  on  Mars, 
only  register  thrtv  stone. 

The  rotation  jxTiod  of  Mars  upon  its  axis  is  twenty-four  hours  thirty-seven  minutes  twenty-two  and 
two-third  seconds.  The  accuracy  of  such  a  determination  depends  on  the  length  of  time  over  which 
the  observations  are  extended.  L'sing  Huyghens'  drawing  of  1659  we  can  extend  the  observations 
over  260  years :  hence  its  supreme  importance.  By  using  that  drawing  in  connexion  with  modem 
observations  we  have  obtained  a  rotation  period  accurate  to  one-fiftieth  of  a  second.     The  axis  of  Mars 
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MARS  1862,  SEPTEMBER  17— 
LOCKYER. 
Although  occasionally  both  snow-caps  are 
visible  at  once,  it  is  more  usual  for  only 
one  to  be  seen — that  which  happens  to 
be  tilted  towards  the  Earth.  The  round 
marking  on  the  right  is  "  The  l^ke  of  the 
Sun." 


[From  Flamtnarion's  "  La  PtaniU  Mars." 
MARS  1862,  OCTOBER  3— LOCKYER. 
The  Syrtis  Major  is  visible  towards  the 
bottom  of  the  disc.  It  will  be  seen  that 
the  spot  separated  from  its  left  side  (I^acus 
Moeris)  does  not  appear  in  the  drawing 
of  this  marking  by  Warren  de  la  Rue — 

indicating  some  sort  of  change. 

The  right  and  left  of  the  disc  are 


is  not  perpendicular  to  its 
orbit  ;  it  is  tilted  from  the 
perpendicular  by  an  angle  of 
twenty-four  degrees.  Its  in- 
clination, therefore,  is  practi- 
cally the  same  as  that  of  the 
Earth. 

In  the  telescope  Mars  ap- 
pears as  a  small  round  disc  of 
an  orange  colour,  upon  which 
dusky,  greenish  markings  can 
be  made  out.  At  either  one 
or  other  of  the  upper  and 
lower  extremities  of  the  disc 
(sometimes  at  both)  a  brilli- 
ant, round  white  patch  is 
seen.  Since  the  telescope 
shows  everything  upside- 
down  the  upper  patch  is 
called  the  south  pole-cap,  the  lower  patch  the  north  pole-cap. 
designated  west  and  east  respectively.  All  drawings  and  maps  are  printed  upside-down  in  this  way. 
Most  of  the  dark  markings  are  seen  to  be  south  of  the  equator  and  to  extend  in  a  nearly  continuous 
belt  all  round  the  planet.  These  are  referred  to  collectively  as  the  "  southern  seas."  The  vast  stretch 
of  the  bright  regions  north  of  them  is  known  as  the  "  northern  continent,"  while  the  smaller  bright 
regions  south  of  them  are  termed  the  "  southern  islands." 

Although  direction  of  the  axis  of  Mars  is  fixed  in  space,  its  tilt  to  or  from  the  Earth  is  always 
changing  as  the  relative  position  of  the  two  planets  alters.  That  is  why  the  appearance  of  the  planet 
varies  so  greatly  from  one  opposition  to  another;  for  sometimes  it  is  the  north  pole  that  is  turned  towards 
us,  sometimes  it  is  the  south  pole,  whereas  more  often  still  it  is  neither  entirely.  It  should  be  especially 
noticed  that,  since  Mars  is  outside  the  Earth's  orbit,  the  hemisphere  that  it  turns  towards  us  will  be  the 
one  which  is  turned  towards  the  Sun  and  is  therefore  in  its  summer  season.     That  is  the  reason  why 

we    know   more    about    the 
summer  than  about  the  win- 
ter conditions  on  the  planet. 
*         *         *         * 

Herschel's  suggestion  at 
the  end  of  the  Eighteenth 
Century  that  the  pole-caps 
consist  of  snow,  is  now  al- 
most universally  accepted. 
All  our  experience  tells  us 
that  the  chemical  elements 
which  are  found  in  the  Sun 
and  stars  are,  with  practi- 
cally no  exceptions,  to  be 
found  on  the  Earth.  Starting 
with  these  premises  we  can, 
from  the  appearance  and 
behaviour  of  the  pole-caps 
alone,    eliminate    all    other 


JIARS  1864,  NOVEMBKR  20- 
DAWES. 
In  this  drawing  the  Syrtis  Major  is  disap- 
pearing  round  the  left  side  of    the  disc. 
The    curious    forked   marking   appearing 
on  the  right  fe  "  Dawes'  Forked  Bay." 


MARS   1864,  XOVEJIBER  26— 

DAWES. 

Here  the  Syrtis  Major  is  near  the  middle. 

The  Lacus  Moeris  is  very  distinct  to  its 

left 
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suggestions  as  to  their  composition,  except  that  of  carbon  dioxide— that  substance  we  can  exclude 
on  physical  grounds.  Carbon  dioxide  is  a  gas  which,  under  suitable  temperatures  and  pressures,  may 
exist  either  as  a  colourless  liquid  like  water  or  as  a  white  solid  like  snow.  Faraday's  experiments 
showed  that  under  a  pressure  thirty-five  times  as  great  as  that  of  our  atmosphere  it  could  not  exist 
in  the  solid  form  above  a  temperature  of  0°  Centigrade  ;  while  under  a  pressure  equal  to  our  atmosphere 
the  highest  temperature  at  which  it  could  exist  was  about  -110°  Centigrade.  Now  the  Martian 
atmosphere  is  much  rarer  than  ours,  and  its  pressure  at  the  surface  of  the  planet  is  certainly  not  more 
than  a  quarter  of  our  own  atmospheric  pressure.  In  order  that  solid  carbon  dioxide  might  exist  under 
so  small  a  pressure,  the  temperature  would  have  to  be  at  least  -150°  Centigrade  and  probably  much 
lower.  The  temperature  of  Mars,  as  we  shall  see,  must  be  a  great  deal  higher  than  this,  which  is  very 
nearly  as  low  as  the  temperature  of  space  itself.  Furthermore,  Faraday  showed  that  under  pressures 
less  than  five  times  that  of  our  atmosphere  solid  carbon  dioxide  does  not  become  liquid,  but  passes 
directly  into  the  gaseous  state.     But  the  pole-caps  of  Mars,  as  we  shall  presently  see,  melt  to  a  liquid. 


>L^RS   1877— SCHIAPAREI<I,I. 

The  interest  of  these,  Schiaparelli's  earliest  drawings,  lies  in  the  absence  of  that  regularity  of  the  canals  which  is  so  characteristic 

of  his  later  drawings.     Thus,  the  regularity  was  not  bom  of  preconceived  ideas,  but,  rather,  was  forced  upon  Schiaparelli 

with  increasing  experience.     The  canals  are  the  dark  streaks  crossing  the  bright  areas. 

Thus,  on  two  separate  counts  the  carbon  dioxide  theory  is  untenable.     Snow,  therefore,  the  only 
alternative,  must  be  the  composition  of  the  caps. 

Early  in  the  Martian  spring  the  polar  snows  of  the  hemisphere  which  is  beginning  to  turn  towards 
the  Sun  reach  their  largest  development,  and  the  great  melting  sets  in.  Even  after  a  few  days  the 
cap  is  appreciably  smaller  in  size.  A  fine  dark  line  now  appears  as  a  girdle  circumscribed  about  its 
edge,  and  for  about  a  week  grows  wider  and  more  distinct.  As  the  melting  continues  this  girdle 
shrinks  in  diameter  so  that  it  always  keeps  pace  with  the  border  of  the  retreating  snow,  while  at  the 
same  time  it  decreases  very  slowly  in  width.  By  midsummer  the  girdle  has  disappeared  and  the  snow 
is  reduced  to  a  mere  speck  (in  1894  the  southern  cap  entirely  disappeared).  The  cap  now  remains 
unaltered  in  size  for  a  month  or  two,  when  the  winter  fall  sets  in  and  the  snows  once  more  begin  to 
increase.  Lowell  found  the  colour  of  the  dark  girdle  to  be  a  deep  blue-green,  and  concluded  that  it 
was  probably  water.  Others  maintained  that  it  was  merely  an  illusion,  due  to  an  effect  of  contrast. 
Professor  Pickering,  however,  examined  it  with  a  polariscope,  an  instrument  which  distinguishes 
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between  the  smooth  surface  of  a  liquid  and  the  surface  of  a  solid,  and  found  that  it  was  liquid.  Since 
the  only  possible  liquid  is  water,  we  must  conclude  that  the  girdle  is  a  tempjorary  polar  sea  formed 
around  the  melting  snow-caps. 

When  the  snows  have  dwindled  considerably,  dark  rifts  appear  in  them,  extending  inwards  from 
the  polar  sea  and  later  breaking  them  up  into  several  isolated  parts.  These  rifts  always  appear  in  the 
same  places.  M.  Jarry  Desloges  thinks  that  they  are  irregularities  in  the  level  of  the  ground.  But 
Lowell  found  that  they  are  identical  with  certain  polar  canali,  which  are  visible  when  the  snows  have 
disappeared,  and  believed  them  to  be  strips  of  vegetation  that  tend  to  hasten  the  melting  of  the  snow 
beneath  which  they  are  buried. 


NORTH  POI.E  OF  ^L\RS  IN  SUJUIER. 
In  this  chart,  made  by  Schiaparelli  in  1888,  the  snow -cap  (the  white  patch  at  the  centre)  has  grown  very  small  from  its  summer 
melting.  In  winter  it  has  nearly  five  times  the  diameter — covering  the  drcle  on  which  Tempe  and  Arcadia  are  printed.  The  way 
in  which  the  canals  radiate  outwards  from  the  cap  is  seen  most  strikingly.  Lowell  pointed  out  that  such  an  arrangement  was 
to  be  expected  from  his  theory  of  the  canals ;  for  according  to  that  theory  the  canals  were  made  (artificially)  for  the  purpose 
of  conveying  the  water  from  the  melting  snows  to  the  more  distant  parts  of  the  planet. 
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The  snow-caps  on  Mars  come  down  in  the  winter 
somewhat  nearer  to  the  equator  than  those  on  the 
Earth,  while  in  the  summer  they  shrink  to  a  much 
greater  extent.  These  differences,  which  at  first 
sight  might  appear  to  contradict  one  another,  are 
due  to  three  causes.  First,  the  Martian  seasons  are 
nearly  twice  as  long  as  our  own,  so  that  there  is 
more  time  both  for  the  precipitation  of  the  snow 
and  for  its  subsequent  thawing.  Secondly,  owing  to 
the  entire  absence  of  large  seas,  the  Martian  atmo- 
sphere must  be  much  drier  than  our  own,  the 
snowfall  therefore  will  not  be  so  deep  and  its 
dissipation  will  be  more  rapid.  Thirdly,  the  greater 
elongation  of  the  planet's  orbit  must  mean  an 
exaggeration  of  the  seasons  :  a  greater  difference 
between  the  summer  heat  and  the  winter  cold. 

The  two  snow-caps  of  Mars  also  differ  slightly 
from  one  another.  The  southern  cap  is  the  larger 
in  the  winter  and  the  smaller  in  the  summer.  Now 
that  is  exactly  what  we  should  e.xpect,  for  whereas 
the  southern  hemisphere  has  a  longer  and  colder 

winter,  it  has  a  shorter  and  very  much  hotter  summer  than  the  northern  hemisphere. 

We  thus  see  that  the  theory  of  snow,  which  we  were  earlier  forced  to  adopt,  seems  to  explain 

completely  the  phenomena  that  we  observe. 


MARS  1879— SCHIAPARELI,!. 

In  this  year  SchiapareUi  drew  the  canals  with  more  regular 

forms  than  in  1877.    The  dark  round  spot  with  two  canals 

is  the  lyake  of  the  Sun  (Soiis  Lacus). 


The  discovery  of  Professor  Pickering,  that  the  dark  areas  are  crossed  by  the  canali,  dealt  the  death- 
blow to  the  theory  of  their  oceanic  character.     They  are  now  generally  believed  to  be  areas  of  vegetation. 
Yet  the  names  with  which  they  were  baptized  by  SchiapareUi  in  the  Latin  tongue  are  still  retained  ; 
seas  and  lakes  they  are  called,  and  not  altogether 
inappropriately,  for  long  ago  before  Mars  lost  most 
of  its  water  they  may  well  have  formed  the  beds 
of  the  Martian  seas. 

Although,  broadly  speaking,  permanent,  these 
markings  are  subject  to  considerable  change.  But 
our  interpretation  of  such  change,  whether  seasonal 
or  irregular,  is  largely  hampered  by  our  inability 
to  observe  the  planet  for  more  than  about  six 
months  at  each  opposition,  i.e.,  over  a  period  equal 
to  only  a  quarter  of  a  Martian  year.  In  order  to 
cover  a  complete  cycle  of  Martian  seasons,  it  is, 
therefore,  necessary  to  continue  observations  over 
many  oppositions,  and  even  then  we  are  not  justified 
in  assuming  a  change  to  be  seasonal  until  we  have 
seen  it  repeated  at  several  presentations  of  the  same 
season.  It  is  possible  that  many  changes  which  we 
still  believe  to  be  irregular  may  yet  reveal  a  seasonal 
character.  maks  1879— schiaparei<i,i. 

Probably  the  most  important  work  in  this  con-  The  dark  funnel-shaped  marking  is  the  Syrtis  Major.    The 

nexion    is    that    of    Lowell    and    his    assistants    at  narrow  ranal,  with  a  round  spot,  curvmg  from  its  left 

_,„,,,,,  ,  ,  side  downwards,  and  then  running  vertically,  is  Nepenthes- 

Flagstaff,  where  the  planet  has  been  under  regular  yvio/A— which  someUmes  is  very  %vide. 
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SCHIAPARELLI      1879. 


BUKiuN      1,S»2. 


SCHiAl'ARl-.l.LI      1884. 


observation  since  1892. 
Their  evidence  alone  is 
absolutely  definite  in 
showing  that  many  of 
the  changes  are  seasonal. 
Scarcely  less  convincing 
is  the  evidence  which  M. 
Flammarion  obtained 
from  a  discussion  of  all 
the  observations  prior  to 
1901. 

The  cycle  of  changes 
may  be  briefly  summar- 
ised. Just  after  midsum- 
mer, when  the  snow  of 
the  summer  pole  is  al- 
most entirely  melted, 
the  dusky  markings  in 
the  immediate  vicinity 
of  the  cap  begin  to 
darken.  This  darkening 
proceeds  in  the  manner 
of  a  wave  slowly  from 
the  melted  pole  towards 
the  equator,  and  then, 
crossing  the  equator,  ad- 
vances into  the  low 
equatorial  latitudes  of 
the  opposite  hemisphere 
(the  winter  hemisphere). 
Thus  is  the  season  of  the 
darkening  later  and  later 
as  we  depart  farther 
from  the  summer  p)ole . 
In  the  late  autumn  the 
markings  begin  to  fade, 
reaching  their  faintest 
soon  after  midwinter. 

Simple  as  this  cycle 
may    app)ear,    it    is   in 
reality  rather  more  com- 
plicated.   The  change  is 
not  merely  one  of  light 
and  shade  ;    it  is  also  a 
change  of  colour.  Again, 
the    regions    near    the 
equator  are  affected  by 
the  melting  of  the  snow  not  only  of  their  own  hemisphere  but  also  of  the  opposite  hemisphere,  so 
that  these  portions  of  the  planet's  surface  go  through  the  cycle  twice  in  a  year.    In  1903,  when  it  was 
midwinter  in  the  southern  hemisphere,  Lowell  found  the  Mare  Erythraeum,  a  sea  just  south  of  the 


I<0WE;I,I<     1897. 


PHUrUPS     1899. 


MOI,IJSWORTH     1903. 


PHIlilPS     1911.  THOMSON     1916.  PHIU-IPS     1918. 

By  permission  of]  {Mr.  H.  Thomson, 

CHANGES  IN  THE  SYRTIS  MAJOR. 
This  interesting  series  of  drawings  was  collected  by  Mr.  H.  Thomson.  It  gives  views  of  the 
Syrtis  Major  by  many  of  the  greatest  observers  between  1879  and  1918.  Although 
undoubtedly  some  of  the  changes  here  shown  are  due  to  idiosyncracies  of  the  different 
observers,  many  of  them  are  certainly  real.  The  most  marked  variation  is  that  in  the 
canals  Amenthes  and  Nepenlhes-Thoth.  Amenthes,  a  vertical  line  parallel  to  Syrtis  Major  and 
on  its  left,  was  visible  in  1882,  1897  (double)  and  1899.  .Vf^«i/Acs-7"Ao<A,  which  curves 
downwards  from  the  left  side  of  Syrtis,  was  visible  in  1879,  1888,  1903  and  (very  dark)  in 
1911,  1916,  1918.     In  1884,  1890  and  1903  both  canals  were  seen  together. 


From]  ["  Knoidedge." 

\VILI,IAM  RUTTER  DAWES. 

Dawes — sometimes    called   the   "  eagle-eyed   Dawes  " — was 

among  the    greatest  of  the  observers  of  the  last  century. 

It  was  from  his  drawings   that  Proctor  compiled  the  famous 

map  of  ^lars  in  1 8^9. 


By  permission  of]  [Drit.  Aslron.  Assoc. 

NATHANIEL  E.  GREEN. 

Green's  drawmgs  of  Mars  during  the  period  1859-1898  must 

ever  remain  famous.      His  observatory  was  at  St.   John's 

Wood.      In  1877  he  went  to  Madeira  to  observe  the  close 

approach  of  Mars  during  that  year. 


From]  I  I'ub.  of  A  stron.  Soc.  of  Pacific. 

GIOVANNI  VIRGINIO  SCHlAPARi;i<I<I. 

Schiaparclli,  director  of  the  Milan  Observatory,  discovered  ■\ 

the  canals  of  Mars  and  the  i>henomenon  of  their  doubling. 

Up  to  his  death  in    1910   he  bclieveil   them  to  lit   natural 

features. 


By  kind  permission  of\  [Mrs.  Lowell. 

PERCIVAL.  I,OWEI,I,. 

No  man  ever  hail  more  experience  in    the    observation  of 

Mars  than  had  I,owell.     His  work  represents  one    of    the 

greatest  steps  in  Martian    discovery.      I'rom  1894  to  1916  he 

directed  the  famous  observatory  which  he  had  founded. 
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equator,  to  be  of  a  faint  green  colour.  By  the  middle  of  the  Martian  January  it  had  changed  to  a  dark 
brown,  which  then  gradually  faded  out.  A  light  green  now  appeared  which,  starting  from  its  northern 
shores,  proceeded  southwards  until  it  had  converted  the  entire  sea,  by  the  end  of  February,  to  a  brilliant 
green.  The  theory  of  vegetation  explains  this  in  a  most  striking  manner.  The  change  from  green 
to  brown  and  the  fading  of  the  latter  soon  after  midwinter  would  represent  the  coming  of  the  autumn 
tints  and  the  falling  of  the  leaves,  which  had  been  nourished  by  the  moisture  emanating  from  the 
southern  polar  snows  ;  while  the  reappearance  of  the  green  in  the  .Martian  February,  travelling  from 
north  to  south,  would  represent  the  budding  vegetation  of  a  second  spring  brought  in  by  the  moisture 
proceeding  from  the  northern  snows. 

But  in  addition  to  changes  that  are  seasonal  there  are  others,  many  and  considerable,  which  are 
apparently  irregular.  Probably  the  best  known  example  is  the  case  of  the  Syrtis  Major,  one 
of  the  most  conspicuous  of  the  Martian  seas.  The  drawings  of  Green  and  others  in  the  middle  of  the 
last  century  give  this  sea  a  very  different  shape  from  that  given  it  by  the  drawings  of  the  last  thirty 


MARS    1888— SCHIAPAREI,I<I. 

These  later  drawings  give  the  canals  perfectly  regular  forms.     Some  are  double  ;    several  of  them  intersect  in  single  points  ; 

and  wherever  they  connect  with  the  dark  markings  there  is  a  well-marked  projection.     The  double  canal,  Euphrates  (in  both 

drawings),  running  down  to  the  north  ix)le-cap,  is  nearly  3,000  miles  long. 

years.  Again,  the  Nepenthes-Thotk,  usually  drawn  as  one  of  the  faint  canali  issuing  from  the  eastern 
shores  of  the  Syrtis  Major,  has  become,  since  1909,  one  of  the  darkest  markings  on  the  planet.  Lowell 
found  that  many  of  these  irregular  changes  were  associated  with  changes  of  a  similar  kind  in  the 
canali.  One  system  of  caniili,  after  existing  for  several  years,  would  suddenly  be  replaced  by  a  totally 
different  system,  while  at  the  same  time  the  seas  in  the  vicinity  would  take  on  a  slightly  different  con- 
figuration. The  reappearance  a  few  years  later  of  the  original  system  would  be  accompanied  by  a 
reversion  of  the  seas  to  their  previous  form.  Such  changes,  he  therefore  concluded,  were  due  to  an 
alteration  in  the  manner  in  which  the  water  was  fed  to  these  regions  by  the  canali.  On  the  other 
hand,  M.  Jarry  Desloges  considers  this  sort  of  change  to  be  due  to  meteorological  phenomena  :  to 
obscurations  by  cloud  and  mist,  to  havoc  WTOught  by  violent  hurricanes.  Moreover,  he  would  invoke 
these  agencies  to  explain  many  of  the  changes  which  others  believe  to  be  seasonal.  To  the  writer  it  seems 
probable  that  both  processes  are,  in  part,  responsible  for  these  diversities  in  the  appearance  of  the 


Splendour  of  the  Heavens 


307 


vegetation.  Until  recently  the  tendency  has  probably  been 
to  underestimate  the  importance  of  the  Martian  atmosphere 
in  relation  to  change. 

*  *  *  *  *  * 

The  orange  regions  cover  three-fifths  of  the  Martian 
surface.  Except  for  slight  modifications  in  the  intensity  of 
their  orange  colour,  they  show  no  signs  of  change.  Some- 
times the  colour  is  accentuated,  sometimes  it  gives  place  to 
a  pale-lemon  or  white.  It  is  believed  that  this  is  due  to 
variations  in  the  clearness  of  the  Martian  atmosphere,  to 
clouds,  mists,  sandstorms,  or  even  frosts.  Those  parts  of  the 
orange  regions  which  border  upon  the  seas,  more  especially 
the  narrow  isthmuses  Atlantis  and  Hesperia,  which  connect 
the  southern  islands  with  the  northern  continent,  are  liable 
to  temporary  invasions  of  vegetation  during  the  height  of 
the  summer.  But  except  for  these  small  and  temporary 
lapses  the  bright  regions  seem  to  be  destitute  of  all  fertility. 

They  are  believed, 
indeed,  tobe  deserts : 
deserts  of   red   sand 


MARS  1890,  JUI,Y  6— KEELER. 
It  was  not  until  eleven  years  after  Schiaparelli's 
discovery  of  the  canals  that  anyone  else  suc- 
ceeded in  seeing  them.  This  is  one  of  the  early 
drawings  of  the  canals  made  with  the  thirty- 
six  inch  telescope  at  the  I,ick  Observatory. 


It   has   been    suggested    that   this 

redness  is  not  real,  but  is  due  to  an  atmosphere,  even  as  is 

the  redness  of  our  sunsets.     But  the  rarity  of  the  Martian 

atmosphere   renders   such  an  hypothesis  untenable.     Red, 

they  must  really  be. 

****** 

In  1879  Schiaparelli  detected  a  small,  dazzling  white  spot 
about  twenty  degrees  north  of  the  equator.  This  he  took 
to  be  snow  and  christened  it  Nix  Olympica.  Since  then  a 
large  number  of  these  spots  have  been  observed.  They  are, 
on  the  average,  about  100  miles  in  diameter,  they  are  com- 
pletely isolated  from 


MARS  1892,  AUGUST  17— HUSSEY. 
Drawing  made  with  the  great  Lick  telescope 
showing  canals  round  Solis  Lacus,  sometimes 
called  the  "  Eye  of  Mars  " — the  large  round 
black  spot,  and  the  "  Bay  of  the  Uawn " 
{Aurorae  Sinus)  from  which  the  double  canal 
issues. 


oneanother,  thcyarc 
very  sharply  defined, 
and  their  whiteness 
is  hardly  inferior  to 
that  of  the  polar 
snows.  It  is  almost 
certain  that  they  are  not  cloud  or  mist,  for  their-jpositions  are 
absolutely  fixed,  and 'although  their  existence  is  not  per- 
manent they  may  remain  unchanged  for  months  ;  further- 
more, when  they  recur,  they  do  so  in  exactly  the  same  places. 
It  is  also  extremely  unlikely  that  they  are  snow,  as  Schia- 
parelli believed  them  to  be,  for  not  only  do  they  make  their 
appearance  in  the  summer,  the  hottest  time  of  the  year, 
but  they  also  tend  to  be  situated  in  the  tropical  regions,  the 
hottest  parts  of  the  planet.  They  present,  in  fact,  a 
phenomenon  entirely  unexplained.     It  has  been  suggested 

very  tentatively  that  they  may  be  crops. 

****** 

White  masses  obscuring  parts  of  the  planet's  surface  have 


MARS  1894,  OCTOBER  7— 
STANLEY  WILLIAMS. 
Mr.  Stanley  Williams  was  the  first  man  in 
England  to  see  the  canals,  with  only  a  six  and  a 
half  inch  telescope.  The  lowest  horizontal  canal 
is  ProtoniluSf  that  above  and  parallel  to  it  is 
Typhon  and  Ornntes  ;  the  vertical  ones  from 
left  toright  are  Phison,  Euphrates,  and  Hiddekel. 
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By  permission  of]  '-S^f'  [M"-  Louell. 

MELTING  OF  SOUTH  POI,AR  SNOWS  OK  MARS,    1894. 
In  early  spring  the  snow-cap  begins  to  melt  and  dwindle  in  size.     A  dark 
belt  of  water  (the  polar  sea)  appears  around  its  edge,  and  keeps  pace  with 
it  as  it  shrinks.     The  size  of  the  cap  on  various  dates  is  indicated.     The 
centre  of  the  cap  does  not  quite  correspond  with  Mars'  geographical  lx)!e. 


stretched  from  the  south  pole,  blotting  out  the 
islands,  Hellas  and  Argyre,  and  most  of  the  Mare 
Tyrhennttm.  In  June  1922  Dr.  Slipher  at  Flagstaff 
photographed  a  large  white  cloud  which  for  four 
days  hung  over  the  coast  of  the  Margaritifer  Sinus. 
Great  masses  of  cloud  or  mist  are  invariably  seen 
over  the  melting  snows  .some  time  before  mid- 
summer. Measurements  of  the  height  of  clouds  are 
extremely  difficult.  Probably  they  float  at  the  same 
sort  of  levels  as  our  own  clouds.  Lowell's  measure- 
ments however  indicated  a  height  of  more  than 
fifteen  miles  above  the  surface  for  some  of  the  larger 
masses. 

*  *  4i  «  * 

There  frequently  appear  upon  the  western  edge 

of  the  planet's  disc — that  p9.rt  which  is  just  coming 

into  our  view  and  on  which  the  Sun  is  rising — large 

white  patches  which  rapidly  dwindle,  and  disappear 

before  reaching  the  centre  of  the  disc,  where  it  is 

midday.     These  are  usually  called  hoar  Jrosls,  but 

whether  they  are  hoar  frosts  or  low  lying  morning 

mists  it  is  impossible  to  say. 

***** 

We  have  now  ample  evidence  of  an  atmosphere  ; 
the  clouds,  sandstorms,  the  hoar  frosts  or  morning 


been  observed  from  the  earliest  times. 
Their  rapid  changes  in  position  and 
shape,  their  complete  or  partial  opacity 
and  their  ultimate  dissipation,  show 
that  they  are  some  form  of  cloud  or 
mist.  Lowell  distinguished  two  types  : 
white  and  yellow,  and  made  the  sug- 
gestion, now  generally  accepted,  that 
they  are  analogous,  the  first  to  ordinary 
cloud,  the  second  to  .sandstorms.  He 
believed  them  to  be  fairly  rare.  Later 
observations,  especially  those  of  M. 
Jarry  Desloges  and  the  British  Astro- 
nomical Association  have  shown  that 
they  are  much  commoner  than  Lowell 
supposed.  M.  Jarry  Desloges  finds  that 
the  small,  thin  clouds  are  of  daily 
occurrence,  and  he  attributes  many 
phenomena  to  obscuration  by  them. 
The  large  clouds  are  less  common.  In 
1909  a  tremendous  yellow  cloud  veiled 
most  of  the  southern  seas  for  a  whole 
month.  In  1911  a  yellow  cloud  with  an 
area    of    eight    million    square    miles 


September  8,  187". 
SOUTH  POI.AR  SNOWS  OK  MARS- C.REKN. 
When  the  l>ole  is  turned  towar<ls   the  Sun,  in  the  JIartian 
summer  of  that  hemisphere,  the  snow  Ix'gins  to  melt  and 
becomes    surrounded    by    a    dark    l^elt  -  the    ]x)lar     sea. 
Sometimes  small  i)ortions  of  the  snow-cap  become  detached. 


Si. 
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mists,  and  the  existence  of  vegetation  testify  undeniably  to  it.  But  there  is  more  :  the  markings 
on  the  planet  appear  to  be  partly  obscured,  apart  from  local  clouds  or  mists,  as  they  approach 
the  edge  of  the  disc.  This  could  not  happen  if  there  was  no  atmosphere,  while  the  presence 
of  one  would  necessarily  cause  an  opacity  at  the  edge  of  the  disc,  where  we  should  be  looking 
through  a  greater  thickness  of  air.  Furthermore,  Dr.  Slipher  in  1914  photographed  the  spectrum 
of  Mars  at  Flagstaff  and  found  it  to  contain  water-vapour.  This  is  a  definite  proof  of  an 
atmosphere.  Those  photographs  also  showed  that  there  was  more  water-vapour  over  the  melting 
snows  than  over  the  equator,  hence  they  also  afforded  the  first  experimental  proof  that  the  poles 
are  solid  water  or  snow.  With  the  exception  of  water-vapour  we  have  no  direct  evidence  of  other 
constituents  in  the  Martian  atmosphere.  But  for  certain  physical  reasons  the  existence  of  water- 
vapour  is  a  very  strong  indication  of  the  presence  also  of  oxygen,  nitrogen,  and  carbon  dioxide  gas. 
Moreover,   if  we  admit,   as  we  surely  must  do,   the  reality  of  the  vegetation,  the  conclusion  that 


By  permission  of!  [Mrs.  Lowell. 

THJi  1.0WEI,L  TKLliSCOPE  IX  MEXICO,    1896. 
In  order  to  find,  if  possible,  a  site  where  the  atmospheric  conditions  were  even  better  than  those  at  Flagstaff,  Arizona,  the 
twenty-four  inch  telescope  and  forty-foot  dome  were  removed  in  1 896  from  Flagstaff  and  set  up  at  Tacubaya,  Mexico.     This 
gigantic  move  only  interrupted  the  observations  of  Mars  Ijctwecn  November  7  and  December  30. 

these  last  three  gases  are  present  must  immediately  follow,  for  without  them  vegetation,  as  we 
know  it,  is  impossible.  The  Martian  atinosphere  would  thus  appear  to  contain  the  same  con- 
stituents as  our  own. 

Lowell,  on  theoretical  grounds  and  from  his  observations  of  cloud,  concluded  that  the  pressure 
of  the  atmosphere  at  the  surface  of  Mars  was  about  one-seventh  of  our  own  atmospheric  pressure.  More 
recent  observations  tend  to  show  that  Lowell  underestimated  the  extent  of  the  atmosphere  and  its 
pressure  at  the  surface,  and  indicate  that  the  pressure  probably  lies  between  one-quarter  and  one-sixth 
of  our  own. 

Now  the  highest  permanent  dwelling-place  is  situated  in  the  Andes  under  a  pressure  of  half  an 
atmosphere.  Temporary  ascents  have  been  made  in  balloons  to  altitudes  where  the  pressure  is  about 
one-third  of  an  atmosphere.     If  we,  who  are  unaccustomed  to  it,  can  exist  under  such  low  pressures, 
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it  would  not  sicin   impossible   that   other  quite  different  forms  of  animal  and  vegetable  life  might  be 
evolved,  through  the  course  of  ages,  to  withstand  the  not  greatly  inferior  pressure  at  the  surface 

of  Mars. 

******** 

Since  Mars  is  at  a  greater  distance  from  the  Sun,  the  heat  which  it  receives  is  only  about  forty-five 

piT  cent,  of  the  amount  of  heat  received  by  the  Earth.     Its  atmosphere,  however,  is  abnormally  clear, 

so  that  the  heat  which  actually  penetrates  the  air,  and,  escaping  absorption,  reaches  its  surface,  is 

but  slightly  less  than  that  which  reaches  the  Earth's  surface  after  passing  through  its  much  denser 

atmosphere.     The  day  temperatures  of  Mars  in  the  Sun  should  not,  therefore,  be  greatly  different 

from  our  own,  while  the  larger  number  of  cloudless  days  would  tend  yet  further  to  diminish  this  difference 

and  to  raise  the  temperature.     On  the  other  hand,  the  rarity  of  the  atmosphere  would  favour  the 

more  rapid  escape  of  heat  and  cause  a  much  bigger  fall  of  temperature  at  night.      There  is  now 

however  reason  to  believe  that  this  escape  of  heat  is  largely  prevented  by  a  very  considerable  formation 

of  cloud  during  the  Martian  night.     If  that  is  .so,  the  night  temperatures  also  should  not  be  very  much 

lower  than  those  on  Earth. 

*  *  *  *  *  *  *  * 

We  C(jme  now  to  the  much-disputed  question  of  the  canali.  Let  us  first  summarise  those  facts 
about  them  which  are  not  disputed.  The  canali  cross  the  seas  and  continents  indifferently,  running  for 
hundreds  of  miles  and,  in  .some  cases,  for  three  or  four  thou.sand  miles  in  practically  straight  lines. 


May  4,   I'.Ki:!.  Mav  7,   1U03.  July  18,    ll;0:;. 

liy  permission  ofi  [Mrs.  Louell. 

DlvVIXOl'MEXT  OF  THK  BRONTlvS  I.OWi;!,!.. 
The  ilrawiiiK  of  I'obruary  2.">,  lx.'forc  the  Martian  iiiiilsummcr,  shows  the  caiial,  Urotitcs,  ruiining  vertically  dowmvards  (to  the 
left  i>f  the  middle)  towards  I'mpantis  (the  left  one  of  two  dark  spots).  On  March  30,  sonic  days  after  Martian  midsummer,  the 
linmlcs  disapiK-ared.  Its  gradual  reappearance,  developing  slowly  from  Praprmtis  upwards  across  the  disc,  is  seen  in  the 
remaining  drawings.  I,oweIl  bclieveil  that  this  darkening  of  a  canal  represents  the  growth  of  vegetation  on  its  banks  brought 
about  by  water  travelling,  in  this  case,  southwards  (ui)warils)  from  the  north  jxilar  snows,  which  are  here  seen  (nmch  reduced 

by  melting)  at  the  lx>ttom  of  the  <iiscs. 


Septemlxrr  14.  September  15. 

Septemlier  15.  Septemlwr  15. 

September  16.  September  18. 

By  kind  permission  of  I  [A/.  Jarry  Desloges. 

MARS  19(19 -('..  FOURXIEK. 
These  beautiful  drawings  were  made  with  the  111!  inch  telescoix:  at  Lc  Masse.i;ros,  I<ozdre,  where  M.  Jarry 
Desloges  luis  one  of  his  many  oljservatories.  Like  I.owell.  this  astronomer  has  recognised  the  supreme 
importance  of  a  site  uith  pcriect  atmospheric  conditions  for  observing  the  planets.  The  double  canal,  Phiwn 
(in  top  and  bottom  drawings  on  the  left),  is  seen  single  in  the  two  middle  drawings.  JI.  Jarry  Desloges 
explains  such  a  change  as  i)ossibly  due  to  obscuration  by  cloud.  Other  changes  also  are  seen.  There  is 
a  cloud  or  mist  lying  just  north  of  the  south  jKilar  snow-cap  in  the  lower  four  drawings. 


November  11.  November  12. 

November  13.  Novemljcr  13. 

November  21.  November  24. 

By  kind  permission  of]  [M.  Jarry  Deslogcs. 

MARS  1909— v.  FOfRXIKR. 
These  drawings  were  made  with  the  1  \'i  inch  telesa)pe  at  Le  Masscgros,  Lozi're.  The  upper  four  illustrate 
the  extremely  complicated  system  of  canals  in  the  nci>;hb<mrho<xl  of  the  Lake  of  the  Sun  (Solis  Lacus)  and  the 
beak-shaped  Sea  of  Sirens  (Marc  Sircnum).  In  the  lower  two  Hellas  appears  abnormally  white  disappearing 
round  the  left  edge  ;  this  is  ]x)S,sibly  due  to  a  deposition  of  hoarfrost.  Below  it  is  the  Syrtis  Major,  while 
near  the  centre  of  the  disc  is  the  "  Forked  Kay  "  through  which  the  zero  line  of  longitude  runs — the  line 
on  Mars  corresponding  to  the  Greenwich  Meridian  on  Karth.  To  the  right  of  this  is  the  pointed 
Margaritiirr  Sinus  or  "  Pcarl-bcaring  Gulf." 
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1918,  April  22. 
W.  H.  Sleavenson]  [By  permission  of  the  Astronomer  Royal. 

1L\RS  SEEN  IN  GREAT  GREEN'WICH  TELESCOPE. 
The  Syrlis  Major  (extreme  left)  is  cut  in  two  by  a  white 
cloud.  The  very  wide  canal,  Gehon,  runs  downwards, 
and  in  order  from  it  to  the  left  are  the  canals  Hiddekd, 
Euphrates,  and  Phison. 


let  us  understand  precisely  wherein  the 
dispute  lies.  It  is  not,  as  often  supposed, 
primarily  concerned  with  their  artifici- 
aHty  ;  it  is  rather  a  question  of  their 
appearance,  whether  or  not  it  is  of  a 
geometrical  character.  At  the  one 
extreme  Lowell  drew  them  as  perfectly 
geometrical  straight  lines,  while  at  the 
other  M.  Antoniadi  represents  them  as 
diffuse,  irregular,  and  discontinuous 
markings.  The  reason  for  these  great 
diversities  is  three-fold :  variations  in 
the  degree  of  the  perfection  of  the 
atmosphere  ;  differences  in  the  apertures 
of  the  telescopes  used  ;  and  idiosyncrasies 
of  different  eyes  in  the  interpretation  of 
delicate  detail.  It  might  be  thought 
that  most  reliance  should  be  placed  upon 
the  largest  telescope  ;  but  this  is  only 
true  up  to  a  point.  For  the  larger  the 
telescope  the  more  perfect  must  be  the 
atmosphere  ;  under  indifferent  atmos- 
pheric conditions  the  smaller  telescope 
will  often  show  more. 

Lowell  found  that  as  the  air  improved 
the  geometrical  character  of  the  canali 
grew  more  and  more  apparent.  Now, 
although  his  atmosphere  is  the  best  in 
the  world,  he  was  seldom  able  to  make 


The  canali  in  the  seas  are  continuous  with  those  in 
the  continents.  They  show  a  marked  preference  for 
entering  or  leaving  the  seas  at  a  hay  or  gulf  rather 
than  at  a  point  where  the  coast  is  straight,  thus 
indicating  that  their  distribution  is  in  some  way 
dependent  on  the  configuration  of  the  seas.  Their 
arrangement  inter  se  is  also  remarkable  :  not  only 
do  three  or  more  tend  to  intersect  at  a  single 
point,  but  each  one,  after  leaving  the  point  of 
intersection  tends  to  connect  with  another  similar 
point  of  intersection  several  hundred  miles  away. 
They  may,  in  fact,  be  likened  to  the  railway 
tracks  upon  a  map,  passing  from  one  great 
junction  to  another. 

The  changes  in  the  canali  appear  to  be  similar 
to  those  in  the  seas,  being  probably  both  seasonal 
and  irregular.  In  addition,  certain  of  the  canali 
are  occasionally  seen  to  be  double. 

So  much  for  what  is  definite  ;  we  shall  now  turn 
to  that  which  is  disputed.    But,  before  we  do  this, 


Photo  by  Dr.  Steavenson\  [By  permission  of  the  Astronomer  Royal. 

THE  TWENTY-EIGHT  INCH  TELESCOPE  AT  GREENWICH. 

Some  astronomers  maintain  that  the  canals  only  appear  straight  and 

regular  in    comi)aratively  small  telescopes,  and  that  larger  ones  show 

them  as  irregular  markings.      Vet  Dr.   Steavcnson  has   seen   them  as 

apparently  continuous  streaks  with  this  great  telescope. 
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use  of  the  full  twenty-four  inches  of  the  aperture  of  his  telescope.  He  generally  reduced  it  to 
twelve  or  fifteen  inches,  and,  even  under  the  best  conditions,  got  no  advantage  by  using  more 
than  twenty  inches. 

M.  Antoniadi,  using  the  thirty-three  inch  tele.scope  at  Meudon,  Paris,  finds,  u'lien  the  air  is  poor, 
that  the  canali  resemble  Lowell's  drawings,  and  suggests  that  this  explains  his  geometrical 
representation  of  them.  On  the  other  hand,  most  observers  find  that  poor  air  renders  detail  more 
diffuse — never  sharper.  M.  Antoniadi  believes  that  the  complex  detail  revealed  by  the  great  French 
telescope  might  well  assume  a  garb  of  regularity  when  seen  with  the  smaller  telescope  of  the  Lowell 
Observatory.  In  reply  to  this,  the  supporters  of  Lowell  declare  that  the  Meudon  telescope  is  larger 
than  the  condition  of  the  air  permits,  and  therefore  gives  a  diffuse,  discontinuous  appearance  to  what 
are  really  fine  lines. 

The  majority  of  observers  lie  intermediate  between  these  two~extremes.  ,  The  drawings  of  the 


Dratiitigs  by]  liHtO.  l'.*;i'.i.  [Dr.  Steavenson. 

CHANGHS  ON  M.\KS, 

These  two  drawings  were  made  by  Dr  Steavcnstin  in  I9(i9  and  1922  and  illustrate  certain  interesting  changes. 
The  tip  of  Syrlis  Major  (left)  is  jwinted  in  1909  and  square  in  1922.  The  "  Forked  Bay  "  (right)  is  much  darker  in 
1922,  while  Pandorac  Frdum,  the  dark  horizontal  band  above  it,  is  narrower  and  fainter.  Running  upwards  at  right 
angles  to  this  last  and  forming  the  right  border  of  the  round  white  area  Hellas,  is  HeUespontus,  which  is]  darker 
in  1922.  In  1909  the  south  pole,  in  1922  the  north  pole  is  tilte<l  towards  us. 
—    I 

canali  by  the  other  observers  at  Flagstaff  differ  only  in  their  narrowness  from  those  of  Lowell— 
although  somewhat  wider,  they  are  perfectly'  straight  and  regular.  Professor  Pickering's  drawings 
differ  in  the  same  way.  I«  England,  the  Rev.  T.  E.  R.  Phillips,"  Dr.  Steavenson,  Mr.  H.  Thomson,  and 
Mr.  Stanley  Williams  draw  them  still  wider,  yet,  nevertheless,  straight  and  regular  ;  at  the 
same  time,  fully  realising  the  limitations  of  their  atmosphere,  these  astronomers  do  not  lay  an\- 
great  stress  on  their  results.  The  drawings  of  Molesworth,  in  Ceylon,  closely  resembled  those 
of  the  English  observers.  But  probably  those  favoured  with  the  best  atmospheric  conditions 
after  Flagstaff  are  M.  Jarry  Desloges  and  his  assistants  MM.  G.  and  V.  Fournier.  Their  drawings 
bear  a  close  resemblance  to  those  of  Lowell  and  his  assistants.  They  find  that,  although  the 
nibjoriiy  of  canali  are  wider  than  Lowell  drew  them,  a  small  percentage  are  quite  as  narrow. 
It  thus  appears  that  the  straightncss  and  regularity  of  the  canali  are  generally  agreed  vipon  : 
only  their  degree  of  narrowness  is  disputed. 
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Now  although  the  wider  lines,  that  are  generally  accepted,  do  not  have  that  undeniable  appearance 
of  artificiality  presented  by  the  finer  lines  of  Lowell,  they  do,  nevertheless,  have  a  decidedly  unnatural 
appearance.     Their  length,  their  straightness,  and  the  fact  that  several  of  them  intersect  at  a  single 


APPARENT  SIZE  OF  MARS  AT  GREATEST,  MEAN,  AND  LEAST  DISTANCES  FROM  EARTH. 
At  its  greatest  distance  Mars  is  on  the  far  side  of  the  Sun  from  the  Earth  at  a  distance  which  may  reach  nearly  250  miUion 
miles.     At  its  nearest  it  appears  seven  times  us  large — as  big  as  a  halfpenny  at  200  yards  distance.     It  is  then  thirty-five 

million  miles  from  the  Earth. 


RELATIVE  SIZES  OF  E.\RTH  AND  MARS. 
The  diameter  of  Mars  is  4,21.5  miles,  which  is  roughly  half  that  of  the  F^rth.    The  surface  of  Mars  is  but  a  quarter  of  that  of 
the  Earth  and  its  volume  one-eighth  of  the  Earth.    Its  weight  is  one-ninth,  and  gravity  at  its  surface  is  one-third.     A  weight 

of  nine  stone  on  the  Earth  only  wdghs  three  stone  on  Mars. 
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point  render  the  theories  that  they  are  river  valleys  or  mountain  chains  well-nigh  impossible.  Probably 
the  most  plausible  natural  explanation  is  that  they  are  cracks  in  the  surface  produced  by  volcanic 
action.  On  this  hj'pothesis  we  could  account  for  their  straightness  and  their  radiation  from  single 
points.  Their  great  length,  however,  is  a  difficultj',  while  their  tendency,  after  radiating  from  one 
point,  to  connect  with  a  second  point  of  radiation  is  an  objection  practically  insurmountable.     Its 


5     J''\      :li    A      .k-^-i 


1 


' W-^"" 


I  PTf.NTRIO 

MARS  lfl03. 


By  permission  of  ^ 


MARS    1910. 


CHARTS  OF  MARS. 


'British  Astronomical  Association. 


These  two  charts,  made  at  intervals  of  thirteen  years,  were  made  from  the  combined  observations  of  the  members  of  the 
Mars  Section  of  the  British  Astronomical  Association.  In  1903  the  approach  of  Mars  to  the  Earth  occurred  at  the  end 
of  March,  in  1916  in  the  middle  of  February,  so  that  neither  approaches  were  very  close  ones.  It  will  be  seen  that  these 
observers  draw  the  canals  far  less  narrow  and  distinct  than  M.  Jarry  Desloges  or  some  of  the  American  astronomers.  The 
white  areas  seen  in  the  upper  chart  are  interesting  :  it  has  been  suggested  that  some  of  the  smallest  of  these,  which  are 
intensely  white,  and  generally  seen  in  the  summer  and  near  to  the  equator,  are  crops ! 
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happening  in  one  case  might  be  explained  as  a  curious  coincidence,  but  the  large  number  of  examples 
actuaUy  presented  would,  on  this  hypothesis,  be  so  improbable  as  to  be  outside  the  limits  of  possibiUty. 

An  attempt  has  been  made  to  get  rovmd  the  difficulty  of  finding  a  natural  explanation  of  the  canali 
as  they  appear  to  us,  by 
assuming  that  this  appear- ' 
ance  is  totally  different 
from  that  which  they  would 
present  if  seen  close  to.  In 
this  connexion  experiments 
were  made  by  Mr.  Evans 
and  Mr.  Maunder  which 
showed  that  a  seemingly 
haphazard  distribution  of 
spots  may  give  rise,  at  a 
distance,  to  the  appearance 
of  geometrical  straight  lines 
{see  page  24).  But  such  a 
distribution  cannot  be  en- 
tirely at  random ;  there 
must  be  some  underlying 
method  in  the  arrangement 
if  the  geometrical  effect  is 
to  be  produced.  Moreover, 
that  method  in  arrange- 
ment must  be  fairly  well 
marked,  otherwise  the  geo- 
metrical lines  seen  by  one 
observer  would  be  different 
from  those  seen  by  another, 
and  would  vary  for  the 
same  observer  according  as 
the  distance  of  the  planet 
changed  or  the  magnifying 
power  of  the  telescope  was 
altered.  The  suggestion, 
therefore,  is  by  no  means  so 
convincing  as  it  might  at 
first  sight  appear.  At  most , 
it  merely  shows  that  the 
canali  may  not  be  geometri- 
cal lines ;  it  does  not  prove 
(as  some  seem  to  think) 
that  they  cannot  be  geo- 
metrical lines. 

Lowell  believed  that  the 
canali  are  strips  of  vegeta- 
tion growing  upon  the 
banks  of  artificial  water- 
ways or  "  canals,"  which 
have  been  constructed  by 


ir.  H.  Pickering. 


A.  E.  Douglass. 

[From  "  Popular  .istroHOmy." 
MARS  IX    1920. 

The  drawings  on  the  left  are  by  Prof.  Pickering  with  an  eleven  inch  telescope  in 
Jamaica,  those  on  the  right  by  Prof.  Douglass  at  Tucson  in  Arizona.  The  drawings  of 
each  pair  (right  and  left)  are  of  the  same  aspect  of  Mars,  and  illustrate  the  way  in 
which  two  observers  differ  from  each  other  in  drawing  the  same  thing.  It  will  be  seen 
that  Prof.  Pickering's  canals  arc  wider  and  less  regular  than  those  of  Prof.  Douglass. 
The  lower  end  of  the  Syrlis  Major  (lowest  pair)  presented  a  curious  form  in  1920,  and 
Nepenthe^-Thnth  was  very  dark. 
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intelligent  beings.  He  pointed  out  that  this  theory  accounted  for  the  straightness  of  the  canali,  their 
great  length,  their  network  arrangement,  the  manner  in  which  they  emanate  from  the  hays  and  gulfs 
upon  the  coast,  and  for  their  changes  being  largely  seasonal.  In  addition,  he  urged  that  the 
conditions  existing  upon  the  planet  were  not  incompatible  with  intelligent  life,  and  that  if  such  an 
intelligence  did  indeed  flourish  it  was  to  be  expected  that  its  whole  energy  would  be  directed  towards 
the  problem  of  making  the  best  use  of  the  planet's  extremely  small  water  supply  :  of  conveying  the 
water  from  the  melting  snows  into  the  fertile  regions  and  onwards  across  the  deserts.  The  duplication 
of  the  canali  he  explained  as  the  outcome  of  a  further  perfection  of  this  irrigation  system,  by  which 
the  water,  after  fertilising  the  banks  of  one  canal,  was  pumped  through  transverse  channels  into  a 
second  parallel  canal  to  be  used  over  again. 

This  explanation  seems  to  account  for  everything  ;   there  are  no  really  insurmountable  difficulties 

to  be  brought  against  it.  It 
must,  however,  be  remembered 
that  a  theory  which  postulates 
intelligent  existence  will,  ipso 
facto,  account  for  practically  any 
phenomenon.  That  it  fulfils  this 
purpose  is  no  proof  of  its  truth  ; 
other  evidence  must  be  forth- 
coming before  we  can  accept  it. 
If  Lowell's  drawings  and  obser- 
vations were  accepted  in  their 
entirety,  they  themselves  would 
probably  be  sufficient  evidence. 
For  it  seems  that  no  natural 
theory  is  compatible  with  them  ; 
nor  yet  do  they  admit  of  Mr. 
Maunder's  explanation,  for  the 
better  the  atmospheric  condi- 
tions the  sharper  did  they  appear 
to  Lowell — they  were  never 
resolved  by  him  into  complex, 
discontinuous  markings.  But 
we  must  take  as  our  criterion 
the  observations  of  the  majority, 
and  tlieir  evidence  is  not  con- 
clusive. In  summing  up,  there- 
fore, we  must  say  that,  although 
we  have  found  no  satisfactory 
natural  explanation  of  the 
canali,  we  have  no  proof  of  their 
artificiality.  Until  that  proof  is 
forthcoming  we  have  not  the 
least  right  to  assume  the  exist- 
ence of  intelligence. 


By  permission  of]  Mrs.  Loiiell. 

THE  DEVELOPMENT  OF  CANALS— LOWIiLI,. 
These  ten  curves  represent  the  variations  in  the  darkness  of  the  canals :  a  rise  in 
the  curve  indicates  darkening ;  a  fall  a  fading.  Ten  zones  of  latitude  have  been 
chosen  at  varying  distances  from  the  melting  north  pole  ;  each  of  these  is  repre- 
sented by  a  curve.  The  lowest  point  of  each  curve  represents  the  time  at  which 
the  canals  of  that  zone  begin  to  darken.  The  straight  line  joining  these  points 
shows  that  it  occurs  a  greater  number  of  days  after  Martian  midsummer  as  one 
gets  farther  from  the  melting  pole.  The  beginning  of  darkening  of  a  canal  is 
Ijelieved  to  represent  the  first  growth  of  vegetation  on  its  banks. 


In  the  year  1877,  Professor 
.\^saph  Hall  discovered  with  the 
twenty-six-inch  telescope  at 
Washington,  two  minute  moons 
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Barnard. 

Forty-inch  Telescope,  Yerkes. 

PHOTOGRAPHS  OF  MARS,   1909. 

It  was  once  hoped  that  the  canal  dispute 

would  be  settled  by  photography.     So  far 

that  has  not  been  realised.     The  eye  is 

able  to  catch  instantaneous  glimpses  of 

very  delicate  detail  during  the  extremely 

short    periods    of    steady     air.     But    a 

photographic  plate    must  record   steady 

and  unsteady  periods  indiscriminately — 

"  Gulliver's  Travels,"  tells  of  the  detection,  by 
the  astronomers  of  a  fictitious  race,  of  two-satel- 
lites of  Mars,  one  of  which  possessed  this  verj^ 
unprecedented  property !  To  an  inhabitant  on 
Mars,  Phobos,  unlike  all  other  heavenly  bodies, 
rises  in  the  west,  travels  quickly  across  the  sky, 
and  sets,  four  hours  later,  in  the  east ; 
changing  in  that  short  time  from  new  to  full 
moon,  or  from  full  to  new  moon. 

The  outer  satellite,  Deimos,  is  scarcely  less 
unconventional.  At  a  distance  of  14,600  miles 
it  moves  round  the  planet  in  thirty  hours  eighteen 
minutes.  Since  this  period  is  not  very  much 
longer  than  that  of  Mars'  rotation,  Deimos 
remains  above  the  Martian  horizon  for  nearly 
three  days  without  setting,  and  during  that  time 
goes  through  all  its  phases  (from  new  to  full 
moon)  twice  over. 

On  the  assumption  that  their  surfaces  are, 
area  for  area,  of  the  same  brightness  as  that  of 
Mars,  these  bodies  are  less  than  twenty  miles  in 
diameter.  As  moons  in  the  Martian  sky  they 
can  serve  no  useful  purpose,  for  they  do  not, 
like  our  Moon,  give  any  adequate  light  in  the 
night  season.  To  one  standing  upon  the 
equator  of  Mars,  Phobos  gives  but  one-sixtieth 
part  of  the  light  of  our  own  Full  Moon,  while 
Deimos  gives  only  one-tuelve-hundredth  part. 
But  much  of  the  Martian  surface  is  at  a  still 


in  attendance  on  Mars.  The 
nearer  one,  Phobos,  is  5,800 
miles  from  the  centre  of  the 
planet  and,  therefore,  only 
3,700  miles  from  its  surface. 
It  revolves  round  Mars  in 
seven  hours  thirty-nine  min- 
utes— less  than  one-third  of 
a  Martian  day.  In  this 
respect  it  is  unique,  for  we 
know  of  no  other  body  which 
revolves  round  its  "primary" 
in  a  {jeriod  shorter  than  that 
of  the  rotation  of  the 
"primary"  upon  its  axis. 
It  is,  therefore,  most  inter- 
esting to  note  that,  more 
than  one  hundred  years 
before  Professor  Hall's  dis- 
covery, Dean  Swift,  in  his 


No.  2. 

Hale. 

Sixty-inch  Telescope,  Mt.  Wilson. 

PHOTOGRAPHS  OF  MARS,   1909. 

so  that  the  finest  detail  is  blurred.   Again, 

the  grain  of  the  plate  is  coarser  than  the 

image  of  most  of  the  canals.    The  original 

negatives  of  the  most  recent  photographs 

at    Flagstaff    show   many    canals    when 

minutely    examined,     but    they    do    not 

permit  of  reproduction. 


By  permission  of]  [  Mrs.  Lowell. 

MARS  HII^L,  THE  LOWEI.!,  OBSERVATORY. 

This  observatory  stands  at  an  altitude   of    7,250  feet.     j-In 

addition  to  the  twenty-four  inch  refracting  telescope,  the  dome 

of  which  is  seen  in  the  picture,  there  is  a  forty-inch  reflecting ' 

telescope  and  other  smaller  instruments. 
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greater  disadvantage,  for  in  those  latitudes  which  are  higher  than  sixty-nine  degrees  north  or 
south  of  the  equator,  Phobos,  the  brighter  moon,  never  comes  above  the  horizon.  As  seen  from 
the  Earth,  these  bodies  appear  no  brighter  than  does  a  man's  hand  held  in  the  sunlight  at  a 
distance  of  one   hundred  miles  ! 

We  now  leave  the  planet  Mars  and  its  moons.  We  shall  take  away  with  us  the  memory  of  some 
things  seen  certainly  :  mists  and  clouds,  snow,  water,  vegetation  and  deserts.  But  there  is  something 
else  that  we  cannot  forget,  a  something  seen  as  through  a  glass  darkly.  For  outlined  upon  the  sand 
of  the  desert  and  stretching  away  into  the  regions  of  fertility  we  have  found  strange  tracks — the 
footprints,  may  be,  of  an  unknown  intelligence. 


THE    ASTEROIDS    OR    MINOR    PLANETS. 


VESTA 
243'"- 


By  a.   C.  D.  Crommelin,  B.A.,  D.Sc,   F.R.A.S. 

The  asteroids  cannot  be  said  to  possess  any  telescopic  interest.  The  four  largest,  Ceres,  Pallas, 
Juno,  and  Vesta,  are  the  only  ones  that  show  measurable  discs,  even  in  large  telescopes ;  the 
others  appear  simply  star-like  points  (hence  the  name  "asteroids"),  and  the  only  feature 
that  calls  for  remark  in  their  aspect  is  the  variation  of  brightness  that  many  of  them  exhibit,  from 
which  it  may  be  inferred  (see  page  324)  that  they  are  of  irregular  shape.  The  interest  that  they  do 
possess,  and  it  is  a  very  considerable  one,  is  in  the  support  that  they  give  to  the  theory  that  the 
matter  now  embodied  in  the 
great  planets  was  once  scattered, 
in  the  form  of  small  particles, 
through  large  regions  of  the 
Solar  System.  In  the  unique 
case  of  the  asteroids  a  ring  of 
numerous  tiny  bodies  was 
formed,  instead  of  a  single 
planet.  The  earliest  view, 
formed  when  only  a  few  mem- 
bers of  the  family  were  known, 
was  that  a  planet  had  exploded, 
and  separated  into  several  frag- 
ments, their  orbits  being  rend- 
ered slightly  different  by  the 
force  of  the  explosion. 

When  Ceres  was  discovered 
it  was  noted  that  though  its 
position  agreed  well  with  that 
predicted  by  Bode's  Law,  it 
was  too  small  a  body  to  rank 
with  the  other  planets  ;  Olbers 
seems  from  the  first  to  have 
suspected  that  it  might  be  one 
of  a  group  of  planets,  so  he 
continued  the  search  for  new 
bodies,  being  rewarded  in  a  few 
months  by  the  discovery  of 
Pallas.       This    new    orb,    still 
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[A.  C.  D.  Crommelin. 

ASTEROIDS   COMPARED   WITH   THE   BRITISH   ISI<ES. 

The  sizes  of  the  four  brightest  asteroids  are  shown  on  a  map  of  the  British  Isles. 

The  diameter  of  Ceres,  the  largest,  is  equal  to  the  length  of  England  from  I,and's 

End  to  Berwick.    It  needs  a  very  large  telescope  to  show  them  with  any  discs  at  all. 

The  sizes  of  Phobos,  Phoebe,  and  Jupiter  V  are  also  shown. 
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smaller  than  Ceres,  pro\  ed  to  have  the  same  distance  from  the  Sun  as  that  body,  which  was  a  startling 
phenomenon.  Another  surprise  was  afforded  by  the  huge  slope  of  the  orbit  of  Pallas  to  the  general 
plane  of  the  planetary  orbits.  Ceres  had  a  slope  of  ten  degrees,  that  of  Pallas  was  thirty-four 
degrees,  or  more  than  a  third  of  a  right  angle  ;  even  of  the  thousand  orbits  now  known,  only  one  or 
two  have  as  great  a  slof)e  as  Pallas.  It  is  not  surprising  that  the  idea  of  an  exploded  planet  came 
into  vogue  to  explain  these  anomalies,  and  curiously  enough  two  other  little  bodies  were  found  before 
long  in  the  regions  specially  examined,  which  were  the  crossing  points  of  the  orbit-planes  of  Ceres  and 
Pallas.  These  were  named  Juno  and  Vesta,  the  latter  being  the  brightest,  though  not  the  largest 
of  the  whole  family,  and  being  at  times  just  visible  to  the  naked  eye  ;    since  it  is  decidedly  smaller 

than  Ceres,  it  must  be 
composed  of  some  white 
substance.  These  four 
bodies  were  assumed  to 
complete  the  system, 
and  no  more  were 
looked  for  till  1830, 
when  Hencke  began  a 
search,  rewarded  after 
fifteen  years  by  the  dis- 
covery of  Astraea.  A 
steady  stream  of  dis- 
coveries then  began, 
which  was  greatly  ac- 
celerated in  the  early 
'nineties  by  the  intro- 
duction of  photography 
as  a  mode  of  search.  It 
had  previously  been 
necessary  to  study  the 
star-maps  very  care- 
fully, so  as  to  recognise 
any  strange  orb  ;  but 
owing  to  the  planet's 
movement  a  photo- 
graph showed  it  as  a 
trail  instead  of  a  dot 
(see  photograph  on 
page  64).  Needless  to 
say,  it  is  a  huge  under- 
taking to  keep  the  great 
family  of  a  thousand 
members  under  obser- 
vation. Before  the  war  a  scheme  had  been  arranged  for  dividing  the  work  among  different  countries. 
The  war  utterly  disorganised  this,  but  things  are  now  being  adjusted  again.  In  spite  of  all  efforts 
a  few  planets  get  lost.  Thus  Aethra,  discovered  by  Watson  in  1873,  was  not  found  again  till 
December  1922  ;  this  was  in  spite  of  frequent  search,  as  its  orbit  excited  special  interest  from  its  large 
eccentricity. 

The  asteroids  have  many  analogies  with  Saturn's  Ring.  In  each  case  we  have  a  multitude  of  tiny 
bodies  prevented  from  uniting  by  the  influence  of  a  large  neighbouring  body  ;  and  in  each  case  there 
are  gaps  in  the  ring,  whose  cause  is  seen  to  be  perturbation.     The  great  gap  in  Saturn's  Ring  is 


THE  SIZES  OF  THE  FOUR  BRIGHT  ASTEROIDS  COMP.\RED  WITH  THE  MOON. 
It  needed  a  very  large  telescope,  the  Yerkes  forty-inch  refractor,  and  a  skilled  observer,  the 
late  Professor  Barnard,  to  obtain  reliable  measures  of  these  minute  Ixxlies.  Vesta,  though 
considerably  smaller  than  Ceres,  is  brighter  than  it,  and  must  be  formed  of  some  white  substance. 
The  sizes  of  the  smaller  asteroids  cannot  be  measured  :     they  are  simply  estimated  from  the 

light  that  they  reflect. 
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shown  on  pages  81  and  91  ;  the  latter  page  shows  the  proximity  of  Mimas  to  the  ring,  and,  in  fact,  a 
particle  in  the  gap  would  go  round  Saturn  in  just  half  the  time  that  Mimas  takes.  It  has  been  found 
that  when  a  simple  relationship  of  this  kind  holds  between  two  periods,  the  perturbations,  being 
repeated  in  the  same  part  of  the  orbit,  produce  a  considerable  change,  and  alter  the  j)eriod  of  the 
perturbed  body,  either  temporarily  or  permanently.  A  famous  case  is  the  great  inequality  of  Jupiter 
and  Saturn.  Five  of  Jupiter's  periods  are  nearly  equal  to  two  of  Saturn's.  The  result  is  that  for 
many  centuries  the  period  of  one  planet  increases,  while  that  of  the  other  diminishes.  Compensation 
is  effected  after  about  900  years.  In  just  the  same  way  Jupiter  affects  the  motion  of  minor  planets 
whose  periods  are  one-half,  one-third,  or  other  simple  fractions  of  Jupiter's  period.  I  have 
prepared  a  diagram  (page  326)  which  shows  the  distribution  of  asteroids  at  different  distances  from 
the  Sun.  It  should  be  explained 


The  3  bodies  may 
revolve  about  e.g. 
either  in  circles  or 
in  similar  ellipses. 


Achilles 


that  it  is  arranged  by  logarithms 
of  the  distances,  not  by  the 
distances  themselves  ;  the  tables 
of  the  asteroid  orbits  are  ar- 
ranged thus,  and  it  would  have 
required  more  time  than  was 
available  to  rearrange  them  ; 
there  are  eleven  asteroids  whose 
log  distance  lies  between  0  33 
and  0"34,  and  so  on.  We  see 
that  there  are  two  outstanding 
asteroids,  Eros  and  Hungaria, 
which  lie  inside  the  main  body  ; 
the  latter  extends  in  a  compact 
mass  from  the  values  of  the 
logarithm  0-33  to  056,  but  the 
distribution  is  very  uneven. 
The  most  striking  gap  corre- 
sfwnds  to  period  one-half  of 
Jupiter's ;  while  the  greatest 
density  is  attained  just  inside 
this  point  ;  similarly,  the 
brightest  region  of  Saturn's 
Ring  is  just  inside  the  great  gap. 
There  is  a  marked  drop  in 
density  where  the  period  is  one- 
third  of  Jupiter's,  and  a  slight, 
somewhat  doubtful,  drop  for 
two-fifths  and  three-sevenths  of 
the  period.  A  rather  un- 
expected feature  is  the  group  of  six  planets  with  periods  two-thirds  of  Jupiter's ;  apparently  this  par- 
ticular ratio  has  not  the  deterrent  effect  of  the  others.  The  group  is  called  the  Hilda  Group,  and  consists 
of  Hilda,  Ismene,  Chicago,  Bononia,  Venusia,  and  Simeisa.  Beyond  them  comes  the  isolated  planet 
Thule,  whose  name  was  given  (from  the  classical  Ultima  Thule)  because  until  the  discovery  of  the 
Trojan  Group  it  was  the  farthest  known  asteroid,  and  has  a  period  close  to  three-quarters  of  Jupiter's. 
Diagrams  are  also  given  (page  ?.32)  showing  the  number  of  asteroids  with  inchnation  and  eccen- 
tricity between  assigned  limits.  The  most  frequently  occurring  values  are  inchnation  about  seven 
and  a  half  degrees,  and  eccentricity  one-seventh.  They  fall  off  pretty  rapidly  for  large  values,  so 
that  only  three  asteroids  have  inclination  exceeding  thirty  degrees.     I  have  confined  myself  in  the 


/eg.  of  Three  Bodies  \ 
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The    Equilateral    Triangle  -Solution 
of  the  Three-Body  Problem 


[A.  C.  D,  Crommelin. 
THE    EQUII^ATERAI,    TRIANGLE    SOI,UTION    OF    THE    THREE-BODY 

PROBLEM. 
Laplace  investigated  all  the  simple  solutions  of  the  Three-Body  Problem  :  one  of 
them  imagined  the  three  bodies  to  be  placed  at  the  angles  of  an  equilateral  triangle 
and  moving  round  their  common  centre  of  gravity.  An  actual  example  was  found 
in  the  heavens  a  century  later.  The  Trojan  planets  continually  form  appro.ximate 
equilateral  triangles  with  the  Sun  and  Jupiter.  Four  of  them  travel  round  the  Sun 
in  front  of  Jupiter,  and  two  behind  him.  The  letters  e.g.  denote  centre  of 
gravity  ;  S.J.  Sun  and  Jupiter. 
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above  diagrams  to  the  first  900  asteroids,  the  orbits  of  many  of  the  others  still  needing  further 
discussion. 

Though  the  idea  of  the  whole  asteroid  family  arising  from  a  single  exploded  planet  has  long  been 
abandoned,  a  modification  of  it  has  lately  been  put  forward  by  Professor  K.  Hirayama  of  Tokio. 
He  has  classified  all  the  elements  of  the  orbits  in  an  exhaustive  manner,  and  applied  planetary 
perturbations  so  as  to  obtain  the  "  proper  "  or  undisturbed  orbits.  He  has  in  this  manner  found 
five  families  of  asteroids,  each  family  having  elements  so  nearly  the  same  that  a  common  origin  may 
reasonably  be  conjectured.  It  does  not  seem  to  me  necessary  to  imagine  that  a  single  planet  exploded 
to  form  each  family.  The  same  result  might  be  attained  by  supposing  that  they  had  their  origin 
in  a  single  condensation  in  the  primitive  dust-streams,  but  that  this  condensation  had  subdivided 

before  final  consolidation.  He 
gives  the  families  the  following 
names  from  the  leading  asteroid 
of  each  (the  number  of  members 
of  the  family  is  given  after  the 
name)  :  Themis,  twenty-five 
members  ;  Eos,  twenty-three  ; 
Coronis,  fifteen  ;  Maria,  thir- 
teen ;  and  Flora,  fifty-seven. 
Thus  nearly  a  seventh  of  the 
known  asteroids  are  comprised 
in  these  five  families. 

The  Trojan  Group  deserves 
special  mention  since  it  realises 
a  form  of  motion  that  was  pre- 
dicted by  Laplace  as  possible  a 
century  before  any  actual  case 
was  known.  He  was  examining 
all  the  exact  solutions  that  were 
possible  of  the  motion  of  three 
bodies  (of  any  assigned  masses) 
that  were  moving  under  their 
common  attraction  ;  one  poss- 
ible solution  was  that  the  bodies 
were  placed  at  the  angles  of  an 
equilateral  triangle,  and  were 
then  projected  in  directions  that 
all  made  the  same  angle  with 
the  lines  joining  them  to  their 
common  centre  of  gravity,  the 
velocity  of  projection  of  ^ch  being  proportional  to  its  distance  from  that  centre  of  gravity.  Under 
these  conditions  it  is  possible  to  show  that  they  will  all  describe  similar  ellipses  (or  other  conic  sections) 
about  the  centre  of  gravity  as  their  focus  ;  also  that  they  will  continually  form  an  equilateral  triangle, 
though  this  will  vary  in  size  unless  the  naotion  of  each  body  is  in  a  circle.  When  Achilles,  the  first 
Trojan  discovered,  had  been  observed  for  a  short  time  it  was  found  that  its  distance  from  the  Sun 
was  nearly  the  same  as  that  of  Jupiter,  and  that  it  made  an  approximately  equilateral  triangle  with 
the  Sun  and  Jupiter.  It  was  then  conjectured  that  Laplace's  prediction  had  at  length  received  a 
practical  verification.  The  latter  is,  however,  not  quite  rigorous,  for  all  the  six  Trojans  that  are  now 
known  have  orbits  that  are  different  from  Jupiter's  both  in  inclination  and  eccentricity.  This  has  the 
result  of  making  the  motion  much  more  complicated  than  the  simple  case  imagined  by  Laplace. 
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[A.  C.  D.  Crommelin. 

PATH    OF    CERES    ."VT    ITS    DISCOVERY. 

When  Piazzi  found  Ceres  it  was  moving  through  the  constellation  of  the  Bull.    The 

diagram  shows  the  positions  in  which  he  observed  it.    The  four  stars  shown  are  the 

only  ones  in  the  region  (which  is  south  of  the  Pleiades)  that  are  visible  to  the  naked  eye. 
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"  Our  plate  shows  the  aspect  of  the  sky  as  seen.  l<K)kinii   North   and  South,  from  Westminster   Hridge  :    but  the  positions  of  the  stars 
will  be  practically  the  same  for  any  place  in  the   latitude  of  Great   Britain. 

The  constellations  will  appear  in  the  positions  shown  on  September  1  at  about   11.30  p.m.  (Greenwich   Mean  Time). 
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\A.  C.  U.  Cromtmlin. 

PATH    OF    EROS   AT    ITS    NEAR    APPROACH    1930-1931,     AND    DISTANCE    IN    MII^UON   MILES. 

This  near  approach  is  certain  to  excite  great  interest.    The  least  distance,  fifteen  and  a  half  million  miles,  is  little  more  than  half 

that  of  the  opposition  of  1900-1901,  which  has  hitherto  been  the  t)est  observed.     A  imique  opportunity  will  be  afforded  for 

improving  our  knowledge  of  the  Sun's  distance.    As  the  speed  of  Eros  in  perihelion  is  practically  equal  to  that  of  the  Earth 

(very  slightly  greater)  its  motion  at  that  time  appears  to  be  at  right  angles  to  the  ecliptic. 
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However,  it  is  found  that  each  of  the  six  bodies  oscillates  in  a  complicated  manner  about  the  equilateral 
triangle. point,  the  periods  of  these  swings  being  of  the  order  of  a  century  or  more.  One  might  fancy 
that  since  several  asteroids  have  the  same  point  as  their  centre  of  oscillation,  there  is  a  danger  of  their 
colliding.  The  danger  is  very  remote,  since  they  are  tiny  bodies,  perhaps  200  miles  in  diameter,  and 
the  extent  of  their  swings  (which  are  in  different  directions)  is  several  millions  of  miles. 

Four  of  the  Trojans  (Achilles,  Hector,  Nestor,  and  Agamemnon)  are  sixty  degrees  in  front  of 
Jupiter,  while  the  other  two  (Patroclus  and  Priamus)  are  sixty  degrees  behind  it.  It  is  much  to  be 
regretted  that  the  names  of  Trojan  heroes  were  not  given  to  asteroids  on  one  side,  and  Greek  heroes 
to  those  on  the  other ;  this  would  have  been  an  aid  to  memory,  and  would  have  prevented  the 
anomaly  of  the  bosom  friends  Achilles  and  Patroclus  being  permanently  separated  by  120  degrees. 


DisLribuLion    of   perihelia  of     asteroids  (i.( 
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[A.  C.  D.  Crotnmelin. 

DISTRIBUTION  OF  PEMHEI,IA  OF  ASTEROIDS   (i.e.,  NEAREST  POINTS  TO  SUN)  FOR  EACH  TEN  DEGREES 

OF   I^ONGITUDE. 
The  circle  round  the  Sun  is  here  divided  into  thirty-six  portions,  and  the  number  of  asteroids  that  have  their  periheUa  in 
each  portion  is  shown  by  the  height  of  the  pillar.     It  is  evident  that  the  highest  pillars  come  in  the  region  of  Jupiter's 
perihelion,  and  the  lowest  ones  (one-third  of  the  height  of  the  highest)  come  in  the  opposite  region.     This  is  a  forcible 

illustration  of  Jupiter's  perturbing  effect  on  the  asteroids. 

As  regards  the  nomenclature  of  asteroids,  the  usual  rule  is  to  give  them  feminine  names  ;  masculine 
ones  are  reserved  for  planets  of  special  interest.  Besides  the  Trojans  there  are  Eros  and  Albert, 
both  of  which  approach  the  Earth's  orbit  within  some  fifteen  million  miles  ;  the  latter  planet  was, 
however,  insufficiently  observed,  and  is  now  lost  ;  but  another  planet  has  been  found  with  a  similar 
orbit  to  Albert ;  it  was  given  the  feminine  name  Alinda,  which  is  contrary  to  the  principles  laid 
down.  It  has  a  very  eccentric  orbit,  its  period  being  almost  four  years  ;  it  therefore  goes  out  nearly 
to  Jupiter's  orbit,  and  will  undergo  large  perturbations,  the  effect  of  which  has  not  yet  been  calculated. 
Mention  should  be  made  of  a  very  remarkable  asteroid  discovered  by  Dr.  Baade  at  Hamburg  two 
years  ago.     It  has  such  an  eccentric  orbit  that  it  travels  all  the  way  from  the  orbit  of  Mars  to  that 


A.  C.  D.  Crommelin. 
IXCI^IXATIOX    OF    ORBITS    OF   ASTEROIDS. 
The  heights  of  the  pillars  show  the  numbers  of  asteroids  that  have  their  inclinations  between  the  limits  noted  at  the  foot 
of  the  pillars.     The  inclinations  arc  shown  by  the  sloping  lines  at  the  side  of  the  <liagrani. 


[.4.  C.  D.  Crommelin. 

KCCEXTRICITY    OF    ORBITS    OF    ASTEROIDS. 

The  heights  of  the  pillars  show  the  numbers  of  asteroids  that  have  eccentricities  between  the  limits  noted.    The  eccentricity 

for  first  pillar  is  about  ouetwcnty-fourth,  for  second  one-eighth,  for  third  one-fifth,  for  fourth  three-tenths.     A  comiianion 

diagram  shows  the  ix)sition  of  the  Sun  in  the  orbit  for  each  group. 
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of  Saturn,  its  period  being  about  thirteen  years.  It  thus  crosses  the  orbit  of  Jupiter  ;  but  fortunately 
for  it,  its  orbit  has  a  high  inclination,  and  it  does  not  make  a  very  near  approach  to  Jupiter,  otherwise 
it  would  undergo  huge  perturbations  ;  it  has  not  yet  been  given  a  name,  and  is  known  simply  by  the 
number  944. 

A  diagram  is  given  (page  330)  showing  the  apparent  motion  of  Eros  at  the  time  of  its  near 
approach  to  the  Earth  in  1931.  This  does  not  claim  accuracy,  as  the  perturbations  have  still  to.be 
worked  out.  It  is  interesting  from  the  fact  that  Eros,  though  its  orbit  is  outside  that  of  the  Earth, 
will  at  that  time  be  moving  more  rapidly,  owing  to  its  orbit  being  so  eccentric  ;  it  thus  claims  the 
distinction  (shared  with  Albert  and  Alinda)  of  being  in  opposition  without  apparently  moving 
backwards. 

CHAPTER  VIII.  ' 

JUPITER. 
By  W.  F.  Denning,  F.R.A.S. 

THIS  planet  is  a  magnificent  object  and  revolves  on  the  outer  side  of  the  great  zone  of  minor 
planets  distributed  over  a  wide  expanse  of  space  exterior  to  Mars. 
He  is  the  largest  body  of  the  Sun's  attendant  retinue,  though  he  does  not  shine  in  the  heavens 
with  equal  splendour  to  Venus,  and  is  occasionally  inferior  in  lustre  to  Mars,  as  in  June   1922.     But 
he  presents  a  fine  appearance  nevertheless  at  a  mean  distance  from  the  Sun  of  480  millions  of  miles. 


COMPARATIVK    DIMIvXSIOXS    OF    JUPITICR    AND    THlv    EARTH. 
Jupiter  is  the  largest  of  the  planets ;   indecil,  its  bulk  is  greater  than  that  of  alJ  the  others  combined. 

and  1,400  times  the  volume  of  the  Earth. 


It  is  between  1,.100 
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[B.  A,  A.  Memoirs 
THE  ADOPTED  NOMENCI,ATURE  OF  JUPITER. 
The  diagram  gives  the  names  assigned  to  the  different  parts  of  the  surface  of 
Jupiter.  The  dark  streaks  are  known  as  belts,  and  the  bright  intermediate  spaces 
as  zones.  As  the  astronomical  telescope  gives  an  inverted  image,  the  north  is 
at  the  bottom  of  the  diagram.  To  avoid  confusion,  the  names  of  the  belts  are 
written  on  the  right,  and  those  of  the  zones  on  the  left. 


Jupiter's  equatorial  diameter 

is  88,500  miles.  His  sidereal  period 

of    revolution     occupies    4,3325 

days  or  11  '86  years. 

That  Jupiter  is  a  giant  among 

the  planets  of  the  Solar  System 

will  be  obvious  when  it  is  stated 

that  he  is  of  greater  mass  than  all 

the  rest  of  them  collectively.    His 

expansive  disc  forms   a   splendid 

spectacle  when  viewed  under  high 

powers    in    a    moderately    large 

telescope.   The  chief  aspect  of  the 

globe  is  at  once  apparent,  for  a 

series  of  parallel  dusky  bands  or 

belts  are  seen  as  striking  features. 

Alternating  with  them  are  bright  zones,  and  both  the  bright  and  dark  regions  are  variegated  with 

spots  of  irregular  character  and  of  different   tint   and  magnitude.       These  markings  are  clearly  of 

atmospheric  origin  and  situated  in  the  outer  envelope  of  Jupiter.     The  real  surface  of  the  planet 

is  not  visible  at  all,  being  hidden  under  the  dense  vapours  which  overlie  it.     Students  of  the  physical 

appearance  of  this  planet  investigate  therefore  merely  the  outer  atmosphere  or  envelope  and  its 

formations,  changes  and  motions. 

The  reflective  capacity  of  Jupiter  is  relatively  great,  and  exceeds  what  would  have  been  expected. 

In  fact  the  planet  shines  with  undue  brightness  considering  his  distance  from  the  Sun.     It  has  been 

thought  that  the  planet  is  in  a  heated 
condition,  and  that  his  physical  state  is 
in  some  measure  responsible  for  his 
luminous  aspect  and  active  surface.  In 
the  cooling  process  the  larger  planets, 
Jupiter  and  Saturn,  would  occupy  a 
very  long  period  and  reach  the  habit- 
able stage  at  a  far  later  time  than  the 
smaller  orbs,  including  the  Earth, 
Venus,  Mars,  and  Mercury.  These  views 
have  been  held  for  many  years  without 
much  contention,  but  they  have  now 
been  opposed,  and  Dr.  Jeffreys  has  very 
recently  investigated  the  question  and 
announced  his  conclusions  as  follows : 
"  Most  authorities  state  that  the  four 
outer  planets  are  hot  and  largely 
gaseous.  The  evidence  available  seems 
to  me  to  trend  in  the  other  direction, 
and  points  to  a  cold  surface." 

The  matter  is  receiving  further  in- 
vestigation,  and  it  is  hoped  that  the 

^^^'^"^  "^^  ^  '^'  "'"■  ■'"'"'"''""•      data  will  enable  satisfactory  deductions 

JUPITER   ON    1901,    MAY    21,    21h.  57m.  tu                  ' 

The  Red  Spot,  lying  in  its  "  hoUow,"  is  seen  above  the  centre   to  the  to    be    made.        The    question    presents 

extreme  left.     The  mass  of  dark  matter  to  the  right  of  it  is  part  of  the  some  difficulties  and  opinions  are  SOme- 

South  Tropical  Disturbance,  then  on  the  same  side  of  the  globe  as  the  ,      ,         ,.    •  ,     ,       i_     .       .1              i.-      i.      x^ 

Red  Spot,  what     divided,    but    the    subject     is 
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imf)ortant  as  affecting  the  phenomena  and  condition  of  the  large  planets.  Old  views  have  often 
had  to  be  put  on  one  side  from  the  evidence  furnished  by  later  investigations,  which  have  given  us 
more  light  and  shown  the  necessity  for  correction. 

As  already  stated,  Jupiter  is  a  briUiant  object  in  the  firmament  when  in  opposition,  and  may 
easily  be  identified  if  his  position  is  approximately  known,  as  he  shines  with  a  very  steady  pale-^ 
yellow  Ught,  and  is  a  more  striking  object  than  any  of  the  fixed  stars.     His  place  in  the  sky  can  be' 


VARIATIONS    IN    THE    Al'PARIvNT   SIZE    OF    JUPITER. 

When  Jupiter  and  the  Earth  arc  on  opposite  sides  of  the  Sun  the  distance  between  the  two  planets  is  at  a  maximum,  and 

this  distance,  as  compared  with  that  at  opposition,  may  on  occasion  almost  reach  the  proportion  of  five  to  three.    This  affects 

the  apparent  brightness  of  the  planet  in  a  still  greater  proportion — about  three  to  one. 


-       .  V-  ■  :;-":-'cr  '  •^fi.:'',»i^ai^^^^^^fc                     ^^^^^^H 

^ 

Plane   oF  the      - -..'-"^ir    '    ',^,^,^  y, 

u^^^^^l    Planets   orbib 

Ml' 

<: 

THE   TII,T   OF   JUPITER'S   AXIS. 
Jupiter  travels  round  the  Sun  nearly  "  upright,"  the  plane  of  his  equator  being  inclined  only  about  three  degrees  to  his  orbit 
(compare  the  Earth's  tilt  of  twenty-three  and  a  half  degrees).    As  a  result  of  this,  Jupiter  has  practically  no  seasons,  and 
the  orbits  of  his  four  chief  satellites,  which  lie  nearly  in  the  plane  of  his  equator,  generally  appear  to  us  as  nearly  .straight  lines. 
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found  by  means  of  a  celestial  globe  and  an  almanac  or  ephemeris,  and  the  times  of  his  rising,  southing 
or  setting  can  be  learnt  from  the  same  sources. 

This  planet  is  not  usually  as  well  defined  as  Mars  and  Saturn  in  a  telescope,  and  particularly  with 
high  powers.     In  190.")  the  writer  tried  some  experiments  with  different  powers  on  reflecting  telescopes 
of  12-6-inch  (Calver)  and  lO-inch  (With)  mirrors  and  focal  lengths  9  feet  6  inches  and  6  feet  6  inches. 
His  results  for  the  12-6-inch  were  as  follows  : — 
Powers. 
205  and  225     Superb  definition — small  images. 

312  and  315     Very  effective.     Best  powers  for  general  planetary  work. 
404  and  440     Little  advantage  over  315  except  on  very  good  nights,  when  they  are  better  for  detail. 

572  No  gain ;    in  fact  500  seems  to  be  the  utmost  Umit. 

710  and  713     Pretty  sharp  image  and  many  details  satisfactorily  seen,  but  vibration  troublesome 
and  images  faint  and  not  satisfactory. 


JUPITER. 
This  gives  an  idea  of  Jupiter  and  his  four  chief  satellites  as  they  appear  in    the  field  of  view  of  a  powerful   telescope. 

912  Single  lens — good.     Better  results  than  with  ordinary  eye-pieces  of  about  700. 

1210  Indistinct  and  faint,  details  blurred.     Not  nearly  so  good  as  one-third  the  magnification. 

1540  Single  lelis.     Pretty  distinct  at  centre  of  field.     Many  spots  well  seen,  but  the  rapid 

motion  and  vibration  spoil  view  and  render  effective  working  impossible. 
When  high  powers  are  necessary  the  single  lens  is   a  great  advantage  though   the   field 
is  very  small.     W.    Herschel,   Dawes  and  other  able  observers  reali.sed  its  value  and 
acted  upon  it. 
Observers  of  Jupiter  should  not  overpress  magnifying  power,  but  accustom  themselves  to  one  eye- 
piece or  two  at  most.     On  a  really  good  night  with  a  ten-inch  glass  a  power  of  375  might  be  best, 
and  on  normal  nights  about  315.     But  every  observer  may  discover  with  a  little  experience  the 
powers  which  are  the  most  suitable  for  the  observational  work  in  which  he  is  engaged.     Low  powers 
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1.— I'.llT,  Deccmbc-i_10. 


2.— 1917,    December    19. 


mean  sharp   definition,  a  bright   object,  little  vibration,    but  a  small   image;     while   high   powers 
mean  inferior  definition,  a  fainter  object,  greater  vibration,  but  an  expansive  image. 

Jupiter's  details  come  out  splendidly  near  the  time  of  sunrise  or  in  daylight  before  sunset  until 
darkness  makes  the  picture  brilliant,  for  the  full  lustre  of  the  planet  may  be  apt,  in  a  large  glass,  to 
overcome  delicate  features. 

The  telescopic  definition  of  Jupiter  \aries  greatly  according  to  the  altitude  of  the  planet.     From 

487  nights  of  observation  (ten-inch  reflector)  at  Bristol  the  following  percentages  were  obtained  :— 

Nights  Very  good.     Good.         Fair.  Bad.       Very  bad. 

Jupiter  south  of  equator        ...         7-0  14-1  15-5  33*8  29-6    =100-0 

Jupiter  north  of  equator        ...       19-8  29-1  25-6  18-6  7-0    =100-1 

The  motion  of  Jupiter  along  the  zodiac  carries  him  alternately  from  about  23°  N.  of  the  equator 
to  23°  S.  of  it.  From  the  latitude  of  Greenwich  the  extreme  altitudes  of  the  planet  at  southing  vary 
between  15J°  and  61^. 

Some  of  the  objects  observed  "  1 

circulating  in  Jupiter's  atmos- 
phere are  very  durable  ;  others 
are  only  temporary.  Chief 
among  them  all  is  the  "  Great 
Red  Spot,"  which  created  quite 
a  sensation  among  planetary 
observers  in  1878  and  later 
years.  It  had,  however,  been 
a  well-observed  feature  long 
before  that  year,  for  Dawes 
figured  it  ia  November,  1857, 
while  a  few  years  later  it  was 
indep)endently  recognised  by 
many  observers,  including  Jacob, 
Baxendell,  Huggins,  Long  and 
others.  The  spot  exhibited  an 
intense  red  colouring,  and  its 
symmetrical  oval  shape  formed  a 
striking  and  durable  feature  of 
its  appearance.  Since  1857  the 
spot  has  passed  through  many 
vicissitudes  and  gradations  of 
tint,  assuming  a  deep,  brick-red 
colour  for  some  years  about 
1878-1881,  and  becoming  a 
wonderfully  conspicuous  and  al- 
most startling  object  on  the 
planet's  surface. 

Every  telescopic  observer 
turned  his  instrument  on  Jupiter 
and  obtained  for  himself  a  view 
of  the  "  Great  Red  Spot."  It 
quite  merited  its  description  as 
the  most  remarkable  planetary 
marking  that  had  ever  been  seen. 
Was  it  the  same  spot  that  had 


3.— 1918,  October    13. 


4.— 1918,  November   21. 


5.— 1919,  March   2. 


6. — 1919,  March   9. 


1 


7.^    1919,  March   -H. 
From  .M.N..  R.A.S.] 


8.— 1919,  April  2. 

;r    £.  K.  Phillips, 


THE  SOUTH  TROPICAI,  REGION  OF  JUPITICR. 
These  drawings  illustrate  the  remarkable  change  which  occurred  in  this  region 
a  few  years  ago.  The  two  top  drawings  show  the  South  Equatorial  Belt  in  its 
usual  strength  and  with  the  now  famous  South  Tropical  Disturbance  between  this 
belt  and  the  South  Temperate  Belt  Drawing  3  shows,  in  addition,  the  "  hollow  " 
in  which  the  great  "  Red  Spot "  is  situated,  together  with  some  indication  of  the 
spot  itself.  In  drawing  4  the  South  Tropical  Disturbance  is  advancing  on  the 
visible  disc  on  the  right-hand  side.  In  drawings  5  to  8  we  note  the  fading  of 
the  southern  portion  of  the  South  Equatorial  Belt  and  the  South  Tropical 
Disturbance,  but  the  Red  Spot  remained  visible  even  when  its  well-known 
hoUow  disappeared.  It  is  seen  near  the  centre  in  drawings  5  and  8.  The  white 
oval  spot  on  the  South  Equatorial  Belt  near  the  left-hand  side  in  drawing  1 
and  the  round  black  spot  are  satellite  I.  and  its  shadow. 
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Drawing  by  [  W.  F.  Denning. 

JUPITER,    1880,    NOVEMBER    29,    AT    7h.    35m     G.M.T. 

The  famous  Red  Spot  is  shown  as  a  (lark,  approximately  elliptical  marking,  pointed  on  its  right-hand  side.    The  hollow  did 

not  exist  at  this  date,  the  effect  being  somewhat  similar  to  that  observed  near  the  end  of  1919  (sec  drawing  on  page  349). 

There  is  a  very  remarkable  series  of  minute  dark  spots  on  the  North  Temperate  Belt. 


aroused  the  enthusiasm  of  the  ancient  observers,  Hooke,  Cassini  and  others,  in  1664  and  later  years, 
and  which  disappeared  and  reappeared  several  times  ?  It  is  suggestive  of  identity  that  it  was  in  the 
same  latitude  of  Jupiter  and  had  nearly  the  same  rotation  period. 

The  present  spot  has  usually  been  situated  in  a  curious  hollow  or  basin  in  the  south  side  of  the 
southern  equatorial  belt,  and  the  hollow  has  been  in  almost  continuous  evidence  since  September 
1831.  The  average  rotation  period  of  this  object  has  been  9  hours  55  minutes  368  seconds,  and 
about  81,000  rotations  have  been  performed  in  the  nearly  ninety- two  years'  interval  to  1923. 

Hooke  was  the  undisputed  discoverer  of  the  great  spot  on  Jupiter  in  1664.  Cassini  followed  up 
observations  of  this  remarkable  object,  and  his  name  has  been  so  closely  identified  with  it  that  he 
has  been  thought  to  have  first  recognised  it.  Priority  certainly  belonged  to  Hooke,  but  he  did  not 
pursue  the  marking  and  investigate  the  rotation  period  to  the  same  extent  as  Cassini. 

Hooka's  spot  of  1664  may  well  have  been  closely  connected  if  not  absolutely  identical  with  the 
modern  Great  Red  Spot.  There  are  analogies  of  position  and  motion  which  significantly  associate 
the  pair  of  objects  and  pointedly  suggest  that  they  were  the  same.     At  any  rate  we  may  hardly  avoid 
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the  inference  that  they  were  the  outcome  of  similar  phenomena.  The  red  spot  of  to-day,  having 
survived  sixty-six  years  amid  all  the  vicissitudes  of  a  very  active  atmosphere,  may  well  have 
maintained  itself  during  the  259  years  which  have  elapsed  since  the  night  of  May  19,  1664,  when 
Hooke  obtained  the  first  glimpse  of  it.  The  marking  is  now  only  a  relic  or  shade  of  its  former  self, 
but  it  may  acquire  its  old-time  prominence  by  a  reinvigorating  process  akin  to  that  which  acted 
upon  it  in  the  Seventeenth  Century,  when  it  apparently  disappeared  and  reappeared  at  intervals. 
Its  feeble  aspect  of  late  years  would  have  rendered  it  practically  invisible  in  the  old  telescopes.  Had 
Cassini  possessed  more  powerful  means  he  might  possibly  have  been  able  to  keep  the  spot  continuously 
under  observation,  but  his  instruments,  though  the  best  available  at  his  time,  were  of  limited  capacity. 
Moreover,  students  of  Jupiter  were  very  few  and  all  the  circumstances,  in  fact,  tend  to  prove  that  a 
marking,  unless  of  fairly  conspicuous  kind,  could  easily  have  evaded  the  few  eyes  and  telescopes  which 
were  turned  critically  on  to  the  planet  in  Cassini's  day. 

The  fact  has  already  been  stated  that  the  markings  on  Jupiter  assume  the  form  of  approximately 
parallel  belts  and  zones.  New  belts  appear  to  be  caused  by  upheavals  or  ejections  from  the  actual 
surface,  and  old  belts  may  be  maintained  by  the  same  means.  New  belts  were  formed  under  the  eyes  of 
observers  in  the  years  18G1-2  and  1880-1  in  sixty-two  days  and  ninety-one  days  respectivelv.  In 
these  cases  the  disturbances  affected  nearly  the  same  latitude,  viz.,  fifteen  to   twenty-five  degrees 
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From  Zettographical  Fragments]  \liy  A.  S.    IVilliains. 

OliSJCRV.'^TIO.VS    OF    M.AKKINGS    ON*    JUPITER. 
The  chart  iliustrates  the  determination  of  rotation  pcriwls.      Observed  longitudes  are  plotted  against  the  corresponding  dates,  and  lines 
drawn  as  evenly  as  possible  through  the  observations.    The  slope  of  a  line  indicates  the  drift  of  an  object  relatively  to  the  zero  meridian 

and  from  this  the  rotation  period  can  be  deduced. 
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nortli.  This  region  seems  liable  to  special 
activity  at  certain  periods,  and  the  develop- 
ments provide  very  interesting  and  singular 
facts  which  may  help  us  in  forming  correct 
views  as  to  the  phenomena  of  the  planet's 
surface. 

It  has  been  thought  that  some  of  the 
changes  on  Jupiter  may  exhibit  regular 
times  of  recurrence  corresponding  approxi- 
mately with  the  planet's  revolution  period, 
but  this  idea  has  not  been  thoioughly 
proved  except  in  the  case  of  the  colouring 
of  the  equatorial  belts,  which  Stanley 
\\'illiams  has  shown  to  be  repeated  at 
intervals  of  11  8  years.  There  is  evidence 
of  other  variations  which  are  not  substan- 
tiated on  ample  proof.  The  fluctuations 
in  the  rate  of  motion  of  the  Great  Red  Spot 
on  Jupiter  have  been  considerable  and 
apparently  induced  by  the  quicker  motion 
of   other   markings   situated   in   the    same 


hrom  "KnowUdge."]  [By  LatimiT  J.    Wilson. 

JUPITIvR,    SHOWING    THE    POSITION    OF     THE 
RED     SPOT    (WHITE    OVAI,),     1913,    MAY    24,    AT 

8h.   42m.  G.M.T. 

This  drawing  shows  on  the    left  the  preceding  end  of 

the  South  Tropical  Disturbance.      Near  the  centre  is  the 

Red    Siwt    Hollow,    with   some    curious   streaks   across 

the  place  of  the  Red  Spot. 


Drawn  by\  [J    E.  Kalcr. 

JUPITER,  1890,  OCTOBER  3. 
This  picture  of  Jupiter,  drawn  by  the  late  Professor  Keeler  with  the 
thirty-six  inch  refractor  at  the  I<ick  Observatorj',  gives  a  gootl  idea 
of  the  appearance  of  the  Red  Spot  a  few  years  after  its  period  of 
maximum  prominence.  The  central  portions  of  the  spot  were  the 
first  to  fade,  leaving  a  dusky  outline  at  the  rim. 

south  tropical  region  of  the  surface.  The  latter  have 
accelerated  the  motion  of  the  red  spot  as  they  have 
overtaken  it  and  occasioned  a  distinct  shortening  in 
the  rotation  period  of  that  object.  The  minimum 
appears  to  have  been  reached  in  1831,  1877  and  1918, 
when  the  values  nearly  agreed  at  9  hours  55  minutes 
335  seconds,  which  corresponds  to  intervals  of 
forty-six  and  forty-one  years  and  may  possibly 
indicate  a  cycle  of  about  forty-four  years. 

In  1859  and  1900  the  maximum  was  9  hours  55 
minutes  38  3  seconds  and  9  hours  55  minutes  41  "6 
seconds,  the  interval  being  forty-one  years. 

The  modern  study  of  Jupiter  has  differed  in 
important  respects  from  that  pursued  more  than  half 
a  century  ago.  Formerly  observers  viewed  the  planet 
irregularly,  occasionally  made  drawings  of  the 
features  seen,  and  described  any  notable  details, 
but  they  did  not  follow  the  work  with  frequent 
repetition  and  the  utmost  accuracy.  In  recent  years 
the  planet  has  been  thoroughly  watched,  and  all  the 
more  conspicuous  markings  with  many  of  the  minor 
features  carefully  studied  over  as  long  periods  of 
time  as  possible.  For  this  purpose  many  thousands 
of  the  times  of  transit  of  the  spots  and  irregular 
markings  have  been  taken  as  they  passed  the  central 
meridian.     Thus  the  object.s  ba"e  been  followed  over 
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several  years  and  identified  in  many  cases  at  successive  apparitions.  Formerly  if  a  curious 
marking  was  seen  it  was  neglected  after  its  detection  was  announced.  Now  its  life  history  is 
pursued  with  a  thoroughness  and  persistency  which  enable  us  to  determine  its  period  of  rotation 
and  its  duration,  and  in  some  cases  to  judge  of  its  character.  One  marking,  above  referred  to,  has 
been  traced  during  the  ninety-two  years  which  have  elapsed  since  it  was  first  seen  by  Schwabe  in 
September  1831.  Another  has  been  kept  under  review  during  the  sixty-six  years  since  November 
1857,  when  Dawes  made  a  drawing  of  the  planet.  These  objects  are  respectively  the  "  Hollow  in 
the  Great  Southern  Belt  "  and  the  "  Oval  Red  Spot  "  in  south  latitude  about  twenty  degrees,  and 
they  remain  both  visible  to-day.  Another  marking,  called  the  "  South  Tropical  Disturbance,"  showing 
great  changes  of  motion,  extent  and  shape,  has  been  seen  since  Molesworth  first  figured  it  in  February 
1901.  Certain  of  the  features  are  of  extremely  durable  character,  and  must  represent  something 
very  different  from  the  ever  changing  and  evanescent  clouds  floating  about  in  our  own  atmosphere. 
The  physical  condition  of  Jupiter's  surface  must,  in  fact,  be  very  dissimilar  to  that  of  our  own  sphere 


Drawings  by]  rT.  E.  R.  PluUifts. 

JUPITER,  190.3,  AUGUST  12,  AT  I.3h.  40m.  AND  15h.  3.5m,  G.M.T. 
These  two  drawings  are  given  for  the  purpose  of  illustrating  the  rapid  rotation  of  the  planet.  They  were  made  on  the  same 
night  at  an  interval  of  approximately  two  hotirs.  It  will  be  seen  that  the  objects  near  the  right-hand  side  of  the  earlier 
drawing  have  been  carried  across  the  centre  towards  the  left-hand  side  in  the  later  one.  The  motion  is  so  rapid  that  a  watch 
of  but  three  or  four  minutes  is  amply  sufficient  to  show  the  turnuig  movement,  or  rotation,  of  the  planet  if  the  instrument 
and  conditions  be  goo<l  and  the  observer  experienced  in  such  work. 


and  of  the  envelope  surrounding  it,  in  the  latter  of  which  great  changes  and  transformations  operate 
from  hour  to  hour. 

It  seems  hkely  that  from  the  surface  of  the  Jovian  orb  there  occur  emissions  or  ejections  of  gaseous 
material  or  vapours  which  rise  to  the  outer  layers  of  his  envelope  and  may  there  partially  consolidate 
and  assume  durable  conditions.  The  planet  has  a  motion  of  rotation  very  many  times  swifter 
than  that  of  the  Earth.  In  fact,  while  Jupiter's  equatorial  region  rotates  at  the  rate  of  about  470 
miles  per  minute,  the  Earth's  movement  is  only  about  seventeen  miles  per  minute.  The  great 
velocity  of  Jupiter's  globe  has  the  effect  not  only  of  causing  the  polar  flattening  and  equatorial  bulge 
to  be  very  marked,  the  polar  and  equatorial  diameter  being  in  the  ratio  of  fifteen  to  sixteen,  but  also 
of  altering  the  forms  of  certain  mobile  and  possibly  elastic  formations  on  the  planet's  disc,  which, 
as  above  stated,  are  drifted  into  the  bands  or  streams  of  shading  which  we  invariably  perceive  on 
the  disc  and  form  the  belted  aspect  with  which  telescopic  observers  are  so  familiar. 
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Currents  of  different  velocities  influence  the  movement  of  tfie  various  features,  and  certain  objects 
in  the  same  latitudes  arc  not  moving  at  the  same  rates,  nor  does  the  same  feature  maintain  an  equable 
rate  of,  speed.  Generally  the  equatorial  region  contains  objects  displaying  the  greatest  speed,  but 
this  is  not  invariably  the  case. 

The  periods  of  rotation  of  the  markings  differ  between  9  hours  48  minutes  and  9  hours  56^  minutes. 

What  the  real  rotation  of  the  Jovian  sphere  is  wc  do  not  know.  All  the  features  composing 
his  extensive  scenery  may  be  regarded  as  floating  objects  in  an  atmospheric  ocean,  influenced  by  a 
great  diversity  of  currents  running  in  directions  parallel  approximately  at  least  with  the  planet's 
equator. 

Thus  the  study  of  this  orb  is  justly  considered  to  be  of  profound  interest,  and  we  are  not  only 
attracted  to  the  planet  by  the  splendour  of  his  luminous  effect  in  the  heavens,  but  from  the  fact 


S.  Vo].n  Current 


S.  S.  T^mporalc 
CTim-ut 


S.  Temperate  Current 

S.  Tropical  Current 

S.  part  S.  Equatorial 
Belt 


Great  Htiuatorial 
Current 


X.  Tropical  Current 


N.  Temperate  Current 


N.  \.  Tennx-rate 
Current 


N.  Polar  Current 


Ueil  SlX)t  and  S. 

Tropical  DisturlKince. 


From '•  Scicntia,"  [T.  E.  K.  I'hillipi. 

THE  ROTATION  OF  JUPITER. 
As  explained  in  the  article,  the  outer  envelope  of  Jupiter  which  we  see  does  not  rotate  like  a  solid  globe,  but,  as  is  the  case 
with  the  Sun,  the  time  required  for  a  rotation  depends  on  the  latitude  of  the  object  observed.  There  are  quite  a  number  of 
separate  "  surface  currents,"  as  they  are  called,  moving  at  different  si)eeds,  and  these  currents  are  surprisingly  sharply  bounded. 
They  are  indicateil  in  the  diagram,  together  with  the  adopted  values  of  their  mean  rotation  periods..  It  is  to  be  noted  that 
the  periods  of  the  surface  currents  show  variations  within  certain  limits  from  year  to  year,  and  the  figures  on  the  diagram  are 
adopted  meiin  values  only.     The  ellipse  in  the  Southern  Hemisphere  indicates  the  "  Red  Spot." 

that  his  surface  presents  a  scene  of  great  variety  and  activity.  He  forms  an  object  which  can  never 
be  considered  to  present  the  monotony  of  sameness.  There  may  be  something  always  akin  in  his 
general  aspect,  but  in  detail  he  may  exhibit  striking  activities  from  night  to  night.  New  objects 
are  frequently  forming  and  old  ones  either  disappear  or  exhibit  changes  of  shape,  motion  or  colour. 
Jupiter  presents  some  analogies  with  the  Sun  in  regard  to  the  mobile  character  of  his  envelope. 
The  rotation  period  of  the  solar  orb  is  different  according  to  the  latitude,  and  there  are  evidences  of 
great  activity  usually  present.  Some  years  ago  it  was  suspected  that  certain  visible  phenomena  on 
Jupiter  exhibited  a  periodical  recurrence  corresponding  with  his  time  of  revolution  (11-8  years)  and 
not  differing  greatly  from  the  intervals  separating  sun-spot  maxima.  The  colour  changes  on  the 
Jovian  orb  already  referred  to  appear  to  be  pretty  consistent  with  the  period  named,  though  in  some 
other  respects  irregularities  occur  opposing  the  idea  of  cyclical  disturbances.     No  doubt  the  planet 
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gives  strong  indications  that  similar  phenomena  producing  spots,  belts  and  irregular  features  are 
repeated  from  time  to  time,  but  not  always  with  consistency  as  regards  the  periods. 

In  another  respect  there  is  an  analogy  between  Jupiter  and  the  Sun,  for  both  objects  show  regions 
of  greatest  activity  at  certain  distances  north  and  south  of  the  equator.  The  solar  spots  appear  in 
greatest  frequency  in  belts  or 
zones  from  latitude  ten  de- 
grees to  twenty  degrees  in 
the  north  and  south  tropical 
regions,  and  the  two  principal 
belts  on  Jupiter,  in  which 
numerous  spots  and  irregu- 
larities occur,  are  usually 
placed  in  nearly  similar  lati- 
tudes to  those  mentioned. 

With  regard  to  the  physi- 
cal condition  of  the  planet 
and  the  relative  heights  of 
the  various  markings  a  num- 
ber of  writers  have  expressed 
their  views,  and  they  are  by 
no  means  consonant,  but 
rather  appear,  in  some  cases 
at  least,  to  be  contradictory. 

With  reference  to  the 
Great  Red  Spot,  Phillips 
considers  that  there  is  strong 
evidence  favouring  the. idea 
that  it  is  "a  vortex — ana- 
logous to  a  cyclone  on  the 
Earth,  though  its  prolonged 
existence  shows  that  it  must 
be  of  great  strength  and 
probably  deep  seated  below 
the  planet's  visible  surface. 
This  theory  is  doubtless  not 
free  from  objections,  but  it 
may  fairly  be  said  that  it 
fits  the  facts  better  than 
any  other."  He  points  out 
that  we  might  expect  "  vor- 
tices to  occur  along  the  lines 
of  contact  between  viscous 
currents  possessing  diverse 
velocities,  and  if  many  Jovian 
spots  are  of  this  charcter  we 
then  have  another  analogy  be- 
tween Jupiter  and  the  Sun." 

The  dusky  belts  may  possibly  be  comparatively  clear  tracts  and  situated  at  a  lower  level  than 
the  bright  zones,  which  may  represent  cloudy  regions  of  strongly  reflective  vapours,  such  as  our 
cumulus.     Lau  interpreted  the  bright  spots  as  centres  of  eruption  similar  to  the  bright  markings 


J.  H.  BRIDGER. 
October  20,  llh.  am.   G.M.T. 


M.  A.  AINSLIE. 
November  7,   7h.   14m.  G.M.T. 
lly  permission  of\  [The  British  Astronomical  Association. 

JUPITER  IX  1916. 
These  drawings  were  made  by  members  of  the  Jupiter  Section  of  the  British  Astronomica 
Association.  It  will  be  noted  that  in  all  the  North  Equatorial  Belt  is  the  most  disturbed 
region  of  the  disc,  great  irregularities  bemg  shown  at  its  edges.  In  Bridger's  drawing 
satellite  I  and  its  shadow  are  shown  dose  together  on  the  South  Equatorial  Belt.  The 
shadow  of  II  is  seen  on  .\inslie's  drawing. 
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which  terrestrial  volcanoes  may 
occasion  when  very  active  by 
the  ejection  of  smoke,  steam 
and  other  highly  reflective  va- 
pours. The  fact  is,  however, 
that  the  results  of  sjieculation 
with  regard  to  the  condition 
of  Jupiter  and  the  causes  and 
character  of  his  visible  phe- 
nomena are  hardly  likely  to 
represent  the  true  state  of 
things.  Our  own  Earth  and 
surroundings  must  necessarily 
influence  us  in  judgment  and 
may  lead  us  to  see  anedogies 
where  none  exist  more  than 
distant  physical  resemblances. 
In  fact,  other  planetary  worlds 
may  be  so  utterly  different 
from  our  own  as  to  afford 
novelties  such  as  we  can 
neither  conceive  noi  under- 
stand, for  the  circumstances 
affecting,  say.  Mercury  or 
Jupiter  are  vastly  different  from 
those  which  influence  and  direct 
terrestrial  phenomena.  The 
changing  aspects  blended  with 
stable  features,  all  exhibiting 
a  singular  \-ariety  of  motion 
and  some  of  them  of  enormous 
dimensions,  can  find  no  counter- 
part in  the  aerial  sea  sur- 
rounding our  own  globe.  It  is  the  recognition  and  pursuit  of  the  many  variations  presented  that 
make  the  study  of  Jovian  features  so  highly  interesting. 

Jupiter's  currents  are  in  a  longitudinal  direction  and  differences  have  been  detected  among  them 
to  the  extent  of  about  eight  and  a  half  minutes  for  one  rotation.  The  motions  show  not  only  relative 
differences  according  to  the  latitude,  but  that  the  same  objects  are  liable  to  variations  of  speed. 
Thus  the  Great  Red  Spot,  in  about  south  longitude  twenty  degrees,  has  varied  between  9  hours 
65  minutes  33  seconds  and  9  hours  55  minutes  42  seconds,  and  the  equatorial  spots  between  9  hours 
50  minutes  6  seconds  and  9  hours  55  minutes  35  seconds  during  the  past  forty  years,  and  occasionally 
these  limits  have  been  exceeded  in  the  behaviour  of  individual  spots.  But,  though  there  have  been 
notable  exceptions,  the  same  latitudes  are  generally  controlled  by  nearly  similar  rates  of  movement, 
so  that,  when  the  position  of  a  marking  is  known,  we  may  pretty  correctly  estimate  what  its  rotation 
period  will  be.  On  one  occasion,  however,  in  1880  there  was  an  outbreak  of  spots  shoNving  a  period 
of  only  9  hours  48  minutes,  though  the  same  latitude  (about  twenty-five  degrees  north)  usually  gave 
9  hours  55  minutes  30  seconds ! 

Observers  who  habitually  watch  and  critically  record  the  surface  markings  of  this  planet  note 
some  singular  developments.  Owing  to  their  swifter  movement  the  equatorial  spots  completed  a 
revolution  around  Jupiter  relatively  to  the  Red  Spot  in  forty-four  and  a  half  daj-s  in  1880,  and  the 


Drawing  by] 


W.  F.  Denning. 


JUPITKK,  1906,  APRII,  15,  AT  5h.  30m,  G.M.T. 
Towards  the  left  in  this  drawing  is  seen  the  old  Red  Spot  as  a  well-defined  ellipse 
lying  in  its  hollow  on  the  south  side  of  the  South  Equatorial  Belt.  To  the  right  of 
this  we  see  the  South  Tropical  Disturbance.  This  object  was  first  seen  by  the  late 
Major  Molesworth,  in  Ceylon,  on  February  28,  1901,  as  a  small  round  projection,  at 
the  south  c<lge  of  the  South  Equatorial  Belt.  It  quickly  showed  striking  develop- 
ments, spreading  across  the  South  Tropical  Zone  to  the  South  Temperate  Belt, 
and  at  the  same  time  becoming  greatly  extended  in  longitude.  At  times  it  has 
exceeded  180"  in  length.     A  white  spot  has  usually  been  seen  at  the  precetling  and 

following  ends. 
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two  objects  came  into  conjunction  at  this  interval.  In  1901  the  dark  south  tropical  disturbance 
occasioned  spots  in  nearly  the  same  latitude  as  the  Red  Spot.  The  former  rotated  in  about  twenty 
seconds  less  time  than  the  latter,  and  successive  conjunctions  happened  in  rather  less  than  two  years. 
This  period  is  now  lengthened  to  about  six  years  owing  to  changes  of  motion  in  the  objects,  and  there 
is  a  difference  of  only  six  and  a  half  seconds  in  the  rotation  periods. 

There  are  a  great  num- 
ber of  variations  occur- 
ring in  the  outer  envelope 
of  Jupiter,  and  these  are 
ever  introducing  features 
of  peculiar  interest.  Not 
only  in  rotation  and 
proper  motions,  but  in 
shape  and  size  the  spots 
and  markings  are  ever 
displaying  variety.  The 
south  tropical  marking, 
mentioned  above,  has 
changed  in  length  from 
about  25  degrees  to  180 
degrees,  which  is  equiva- 
lent to  something  like 
100,000  miles  of  Jovian 
longitude  !  So  it  is. 
evident  that  alterations 
of  this  kind  are  on  a 
gigantic  scale  and  they 
are  conspicuously  obvious 
in  our  telescopes  though 
situated  at  a  mean  dis- 
tance of  480  millions  of 
miles.  During  the  last 
twenty-three  years  the 
south  tropical  spot  or 
disturbance  has  occa- 
sioned great  irregu- 
larities in  the  motion  of 
the  Red  Spot  ;  a  fact 
foreseen  and  first  an- 
nounced by  E.  M.  Anto- 
niadi. 

When  we  realise  how 
much  the  telescope  illu- 
mines our  understanding 
as  to  many  of  the  hidden 
secrets  and  wonders  of 
Nature  we  cannot  but 
appreciate  the  remarkable 
powers  of  this  instru- 
ment. 
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Drau-uigs  by  [J.  Gledhill  and  W.  F.  Denning. 

THE  RED  SPOT. 
Three  different  aspects  of  the  Red  Spot  are  here  shown.  The  top  one  is  a  drawing 
by  Gledhill,  in  1870,  January  2.'},  8h.  20m.,  on  which  the  object  appears  as  a  simple  elliptical 
ring.  The  iniddle  drawing,  by  Ucnning,  was  made  about  four  years  after  the  object  became 
so  conspicuous,  and  it  shows  pointed  ends  such  as  have  been  observed  at  various  times. 
They  are  extremely  difficult  to  explain.  In  the  lowest  drawing,  by  Denning,  in  1886, 
October  11,  llh.  54m.,  the  spot  is  shown  greatly  faded,  and  the  pointed  ends  have  become 

mere  dark  dots. 
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To  natural  vision  only  Jupiter  shines  simply  as  a  star  in  our  skies,  but  the  telescope  at  once 
reveals  it  as  a  large  globe  full  of  activity  and  rich  in  detail,  while  a  numerous  retinue  of  nine 
attendant  moons  is  found  to  revolve  around  him. 

Students  of  Jupiter  at  one  time  experienced  a  difficulty  in  referring  to  certain  belts,  localities 
or  latitudes  on  the  planet,  and  devised  an  expressive  nomenclature  to  enable  them  to  define  and 
describe  positions,  in  latitude. 

The  chief  belts  and  zones  are  generally  somewhat  similar,  and  suggested  to  various  observers 
an  obvious  means  of  reference  as  illustrated  in  the  diagram  on  page  334.  Thus  if  a  spot  was  seen  in 
the  southernmost  dark  belt  it  would  be  said  to  be  on  the  S.S.  temperate  belt,  and  so  on.  This 
arrangement  usually  meets  requirements,  but  the  belts  are  changeable  and  not  always  symmetrically 
placed,  though  there  are  nearly  always  two  great  belts  bounding  the  equatorial  zone.     Occasionally 

there  are  a  large  number  of  belts  lying  in  parallel 
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Drawings  by]  [E.  M.  Antoniatti. 

THE  RED  SPOT. 
The  South  Tropical  Disturbance  is  situated  in  the  same  lati- 
tude as  the  Red  Spot,  and,  moving  more  quickly,  periodi- 
cally overtakes  it.  At  such  limes  it  is  invariably  fouud  that 
the  motion  of  the  Red  Spot  becomes  accelerated,  and  the 
upper  drawing  illustrates  M.  Antoniadi's  explanation  that  the 
dark  material  of  the  Disturbance  pushes  on  or  carries  forward 
the  Red  Spot  as  it  flows  round  or  below  that  famous  marking. 
The  two  other  drawings,  made  with  the  Meudon  thirty- 
three  inch  refractor,  on  1911,  May  22,  at  lOh.  47m.  G.M.T.. 
and  on  1911,  July  7,  at  8h.  36m.  G.M.T.  respectively,  show 
some  interesting  details.  The  Spot  itself  is  pointed  at  its 
preccUng  (left-hand)  end,  and  near  the  latter  a  curious 
dark,  curved  marking  is  shown  in  the  bottom  drawim;. 
Note  the  changes  in  the  region  of  the  following  (right-hand; 
"  shoulder  "  of  the  hollow. 


lines  (like  stratus  clouds)  in  one  hemisphere. 

Mr.  A.  Stanley  Williams,  the  Rev.  T.  E.  R. 
Phillips  and  others  have  determined  the  general 
rate  of  rotation  for  various  latitudes,  and  there  is 
fair  consistency,  if  not  absolute  agreement,  in 
their  independent  deductions.  Ephemerides  are 
published  every  year  in  the  Nautical  Almanac 
containing  data  of  great  value  to  students  of  the 
planet,  and  in  a  still  more  convenient  form  in  A 
Handbook  for  Observers,  published  by  the  British 
Astronomical  Association.  By  the  help  of  these 
an  observer  may  find,  e.g.,  when  to  look  for  the 
Great  Red  Spot  and  may  reduce  his  own  observa- 
tions. Two  rotation  periods  are  used,  viz.,  9 
hours  50  minutes  30004  seconds,  and  9  hours 
55  minutes  40632  seconds,  and  with  these  the 
observed  motions  of  spots  may  be  readily  com- 
pared. The  first  of  these  systems  is  intended  to 
represent  equatorial  markings  which  indicate  a 
rotation  performed  in  about  five  minutes  less  time 
than  that  of  the  Red  Spot:  and  the  second 
represents  approximately  the  period  of  features 
commonly  seen  outside  the  equatorial  zone. 

The  following  table  will  show  the  equivalent 
values  of  time  and  degrees  of  longitude  on  Jupiter 
according  to  the  two  systems. 


inutes  of 

System  I. 

System  II. 

time. 

9h.  50m.  30004s. 

9h.55m.40-632s. 

Degrees. 

Degrees. 

0-5      .. 

0-305 

0-302 

10      .. 

0-610 

0-604 

50      .. 

3-048 

3-022 

100      .. 

6-097 

6044 

500      .. 

30-483 

30-218 

1000      .. 

60-967 

60-437 

2000      .. 

121-934 

120-874 

300-0      .. 

182-900 

181-310 

Jupiter  is  so  large  that  he  must  necessarily  and 


lal:!,  September  12,  7h.  30m.  G.M.T.  1014,  August  :)1,  lOh.  30m.  G.M.T. 

rrom  ••  KiwuUdge."  ■  IT.  E.  R.  Phillips. 

SIX    DRAWINGS    OF    JUPITER. 
The  three  drawiiiKS  on  the  left-hand  sideshow  the  remarkable  series  of  large  bright  egg-shaped  markings  in  the  north  part  of  the  Equatorial 
Zone,  bordering  the  North  Eqimtorial  Belt,  which  appeared  in   1913.     They  showed  a  much  more  rapid  rate  of  rotation  than  had  been  observed 
for  several  years.     The  three  drawings  on  the  right  show  the  planet's  a-spect  in  1914.    Note  the  curious  link-like  markings  on  the  two  upper  one?. 
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F.  SARGENT. 
1.— August  18,  16h.  Om.  G.M.T. 


M.  A.  AINSLIE. 
-October  27,  12h.  25m.  G.M.T. 


obviously  influence  the  movements  and  stability  of  many  of  the  lesser  orbs.  Some  of  the  minor 
planets  are  affected.  Comets  are  occasionally  drawn  out  of  their  courses,  and  any  of  these  bodies 
passing  near  him  will  be  perturbed  in  more  or  less  degree  according  to  the  conditions.     He  is  capable 

of  impressing  new 
paths  upon  some  of 
them. 

The  story  of 
Lexell's  comet  of  1770 
and  its  changes  of 
orbit  when  near 
Jupiter  have  often 
been  described  in 
textbooks. 

How  the  Novem- 
ber Leonids  were 
attracted  away  from 
the  Earth  so  far  at 
their  perihelion  in 
1899  that  they  could 
not  produce  a  grand 
display  is  familiar  in 
astronomical  history. 
Jupiter  is  specially 
responsible  for  many 
extensive  disturb- 
ances which  have  oc- 
curred in  the  move- 
ments and  orbits  of 
comets.  His  great 
pKDwers  of  attraction 
seem,  indeed,  to  have 
enabled  him  to  form 
an  important  comct- 
ary  group  or  com- 
munity of  his  own. 
He  appears  to  have 
deflected  certain 
comets  of  long  period 
away  from  the  verj- 
eccentric  ellipses  they 
formerly  traversed  to 
ellipses  more  nearh" 
approaching  circles 
and  requiring  short 
periods  of  revolution. 
The  average  of  about 
forty  comets  is  six 
and  a  half  years. 
Their  gicatest  dis- 
tance from   the  Sun 


H.  THOMSON. 
-November  19,  llh.  l5m.  G.M.T. 


M.  A.  AINSLIE. 
-November  23.  9h.  3em.  G.M.T. 


M.  A.  AINSLIE.  H    Tilo.M-O.N. 

5.— December  7,  Ml.  50m.  G.M.T.  c— December  U.  sh.  5om.  0.»LT. 

By  permission  of\  [The  British  Astronomical  Association. 

JUPITKR  IN  1917. 
Another  seties  o{  drawings  by  members  of  the  Jupiter  Section  of  the  British  Astronomical 
Association.  The  preceding  end  of  the  South  Tropical  Disturbance  is  seen  in  Drawings  3  and  0, 
and  the  following  end  in  Nos.  1  and  2.  The  Red  Spot  Hollow  is  shown  near  the  preceding 
limb  in  Nos.  2  (going  off  the  disc  at  preceding  limb),  4,  5,  and  6.  The  Red  Spot  itself  is  also 
shown  lying  in  its  hollow  in  the  last  three  of  these  drawings.  Dark  streaks  are  shovni  north 
of  the  North  Equatorial  Belt  in  Drawings  1,  2,  4,  5,  and  6.    They  were  quite  a  feature  of  the 

planet  in   1917. 
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Drmins  by,  [T.  E.  R.  Phillips. 

JUPITER,    1919,    NOVEMBER    29,    AT   14h.  G  M.T. 

This  tlrawing  shows  the  complete  disappearance  of  the  southern  portion  of  the  South 

Equatorial  Belt  and  the  Red  Spot  Hollow.    The  right-hand  portion  of  the  peculiar  elongated 

marking  in  the  South  Tropical  Region  is  the  Red  Spot,  which  became  more  plainly  visible 

as  its  surroundings  faded  away. 

to-day.  Many  circumstances 
agree  in  suggesting  this 
conclusion,  and  in  support- 
ing its  actuality,  though 
it  is  not  universally  ac- 
cepted. 

The  Jovian  Coniets  are 
of  little  inclination,  their 
aphelion  distances  agree 
nearly  with  that  of  Ju- 
piter's orbit,  and  their 
motions  are  direct.  In 
fact,  if  we  look  at  a  plan  of 
the  Solar  System  which 
includes  the  known  periodi- 
cal comets  we  cannot  but 
receive  the  decided  im- 
pression that  Jupiter's  ac- 
tion has  been  very  largely 
resfxjnsible  for  the  exten- 
sive family  of  those  re- 
volving in  short  periods. 

Among  those  whose 
persevering  study  of  the 
surface  markings  of  Jupiter 


nearly  corresponds  with 
his  orbital  position,  so 
that  he  sometimes  ap- 
proaches quite  near  cer- 
tain of  these  bodies,  as 
their  orbits  are  of  small 
inclination.  The  posi- 
tions and  periods  of  the 
comets  of  short  period  in 
the  Solar  System  are  sig- 
nificant and  eminently 
suggestive  that  Jupiter 
was  mainly  and  materially 
responsible  for  their 
present  curious  distribu- 
tion. 

This  great  orb  moving 
around  his  orbit  through 
the  ages  would  naturally 
nearly  encounter  many 
comets  and  meteoric  sys- 
tems, and  by  oft-repeated 
action  would  ultimately 
draw  them  into  the  new 
orbits  which  they  pursue 


Drawing  byi  [T.  E.  R.  Phillips. 

JUPITER,  1920,  FEBRUARY  13,  AT  12h.  40m.  G.M.T. 
In  the  early  part  of  1920  we  saw  the  great  revival  of  the  South  Equatorial  Belt,  the  Red 
Spot  Hollow,  and  the  South  Tropical  Disturbance.  The  developments  about  this  time  were 
quite  starUing  in  their  suddenness,  and  it  was  difficult  to  recognise  the  same  featiues 
after  the  lapse  of  but  two  or  three  days  only.  The  drawing  gives  an  idea  of  the  number 
of  white  and  dark  spots  which  marked  the  restoration  of  the  belt. 
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Drawing  by]  iJ,  E.  K.  PktiUps. 

■     JUPITER,    1922,    APRIL    4,    AT    Uh.    15m.  G.M.T. 
In  the  drawing  there  is  a  curious  dark  marking  projecting  into  thtf  Equatorial  Zone  from 
the  northern  eifge  of  the  South  Equatorial'  Belt,  and  this  marking  exhibited  an  abnormally 
slow  rate  of  motion  for  its  latitude. 


has  greatly  contributed  to 
our  knowledge  during  the 
last  half  century  may  be 
mentioned  A.  Stanley 
Williams,  Schmidt,  Pro- 
fessor Hough,  Dr.  Terby, 
Major  Molesworth,  Gled- 
hiU,  Rev.  T.  E.  R.  Phil- 
lips, and  many  others 
have  engaged  in  the  work. 
We  are  now  acquainted 
with  the  general  aspect 
of  the  planet  and  have 
a  good  idea  of  his  visible 
phenomena  as  displayed 
in  the  markings.  Moles- 
worth  at  Ceylon  obtained 
tens  of  thousands  of  tran- 
sits of  these  abundant 
features  and  deduced  the 
rates  of  rotation  for  some 
hundreds  of  them  of 
different  character  situ- 
ated in  various  latitudes 
on  the  disc.  Phillips  has  also  devoted  himself  to  the  study  during  a  long  series  of  years  with  an  ability' 
and  devotion  only  equalled  by  his  success.  Thus  it  may  safely  be  said  that  since  the  Great  Red  Spot 
became  so  prominent  about  fifty  years  ago,  we  have  acquired  pretty  complete  and, reliable  records 

of  Jovian  objects. 

These  will  be  valuable,  and  especially  so  at 
a  future  time,  when  combined  with  further  data 
of  similar  kind,  for  the  more  advanced  investiga- 
tion of  Jovian  surface  phenomena.  The  recur- 
rence of  certain  sjxjts  in  particular  latitudes 
may  be  proved  and  we  may  find  to  what  extent 
similar  rates  of  motion  are  rej»eated.  Cycles 
of  changes  may  become  evident.  It  is  only 
by  lengthy  and  continuous  effort  at  succeeding 
oppositions  that  our  knowledge  can  be  much 
enhanced.  The  earjier  observers  of  Jupiter 
apparently  did  not  recognise  the  necessity  of 
thoroughness  and  frequency  in  watching  the 
very  plentiful  detail  displayed  on  the  disc.  The 
work  is  certainly  one  of  great  magnitude,  and  a 
man  engaged  on  this  planet  must  expect  that  all 
his  energies  and  his  whole  time  will  be  absorbed 
in  the  pursuit.  He  will  find  it  possible  to  take 
more  than  100  transits  of  spots  during  a  single 
night,  and  that  more  than  200  different  markings 
may  claim  his  attention  during  one  and  the 
same  opposition. 


Druwing  by]  {T.  E.  K..  Phillips. 

JUPITER,    1923,    MAY    1,    AT    12h.  30m.  G.M.T. 

A  portion  of  the  Red  Spot  Hollow  is  seen  on  the  left ;    and 

extending  from  this,  across  the  disc,   is   the  South  Tropical 

Disturbance  as  a  series  of  rather  faint  irregularities.    Note  the 

bright  rift  in  the  North  Equatorial  Belt. 


E>rawing  by]  I-:.   M.  Autoniadi. 

JUPITER,  1911,  RIAY  22,  AT  lOh.  7m.  G.M.T. 
This'ibeautifiil  drawing,  by  one  of  the  most  accurate  astronomical  draftsmen  of  our  time,  was  made  with  the  aid  of  the  thirty-two- 
and-three-quarter  inch  telescope  of  the  Mcudon  Observatory,  which  is  the  largest  refractor  in  Kurope.  It  k'vcs  an  excellent 
idea  of  the  general  appearance  of  the  planet,  as  seen  in  a  powerful  instrument.  Like  all  other  planetary  drawings,  it  is  purposely 
executed  on  a  large  scale  to  facilitate  reprfxluction,  and  it  should  be  viewed  from  a  distance  of  five  or  six  feet  to  obtain  an  idea 
of  the  approximate  apparent  size  of  the  planet  as  seen  in  the  telescope. 
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The  two  planetary  objects 
which  are  the  most  diversified 
and  attractive  for  telescopic 
study  are  Mars  and  Jupiter. 

Mars  apparently  displays 
lineaments  which  form  the  ma- 
terial surface  of  the  planet, 
while  Jupiter's  visible  features 
are  merely  atmospheric. 

The  Satellites  of  Jupiter. — 
The  telescope  had  only  been 
recently  invented  when,  in 
January  1610,  Galileo  dis- 
covered four  moons  attending 
on  the  planet.  This  success 
was  one  of  the  very  first 
achievements  obtained  by  an 
instrument  which  proved  re- 
sponsible in  later  years  for 
nearly  all  the  great  advances 
made  in  Astronomy.  Its 
powers  have  extended  the 
capacity  of  natural  vision  a 
thousand  fold,  and  it  has 
enabled  us  to  perceive  myriads 
of  objects  and  phenomena 
which  were  utterly  beyond  the  scope  of  the  unaided  vision.  Galileo  announced  his  early 
discoveries  to  a  rather  sceptical  world.  The  newly  found  moons  of  Jupiter  were  disputed, 
and  Galileo  had  some  difficulty  in  getting  satisfactory  conoboration.  He  lived  in  an  age  of 
superstition. 

A  list  is  here  given  of  the  nine  discovered  satellites,  and  there  may  be  others  not  yet  detected. 
The  four  discovered  by  Galileo  are  considerably  brighter  than  the  others  and  are  visible  in  a  field-glass 
or  small  telescope.  The  remainder  are  quite  in  a  different  class  in  regard  to  size  and  visibility,  and  their 
observation  needs  powerful  means. 


Pholc]  [Lick  Observatory. 

JUPITER,    1891,    OCTOBER    12. 

This  photograph  was  taken  at  a  time  when  the  Red  Spot  was  far  more  conspicuous 

than  it  has  been  in  recent  years.    Its  redness  also  caused  it  to  be  more  prominent 

photographically  than  visually. 


No.  as 
discovered. 

No.  in 

Distance 

from  Jupiter. 

Star 
magnitude. 

Mean  distance. 
MUes. 

Period  of  Sidereal 
Revolution. 

D.    H.    li. 

Discoverer. 

Year. 

V 

1 

13 

112,300 

0  11  57i 

Barnard         

1892 

.     I 

2 

6i 

261,000 

1  18  27i 

Galileo           

1610 

II 

3 

6J 

415,000 

3  13  13i 

Galileo           

1610 

in 

4 

6 

664,000 

7     3  42i 

Galileo          

1610 

IV     - 

5 

7 

1,167,000 

16  16  32 

Galileo           

1610 

VI 

0 

14 

7,110,000 

250  14  40 

Perrine          

1904 

VII 

7 

17i 

7,390,000 

260     1  24 

Perrine           

1905 

VIII 

8 

18 

14,940,000 

738  21  36 

Melotte          

1908 

IX 

9 

18i 

14,940,000 

745    0     0 

Nicholson 

1914 

The  four  satellites  discovered  by  Galileo  were  named  lo,  Europa,  Ganymede,  and  Callisto,  by  Simon 
^larius,  who  claimed  to  have  i  ndependently  discovered  them  in  December  1609  at  about  the  same 
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period  as  Galileo.  The  others  have  not  yet  received  distinctive  names,  but  are  known  by  Roman 
numbers  applied  in  the  order  of  their  date  of  discovery.  Though  the  ten  satellites  of  Saturn  were 
never  lacking  in  titles  yet  the  Jovian  moons  have  been  neglected  in  this  respect.  This  might  be 
considered  a  very  curious  irregularity  in  astronomical  nomenclature,  but  it  is  explained  by  the  fact 
that  Simon  ISIarius,  who  named  four  of  the  satellites,  was  regarded  as  a  fraudulent  claimant  to  their 
discovery,  and  it  was  considered  that  the  adoption  of  his  names  might  be  thought  an  admission  of 
his  asserted  prioritv.     In  recent  years,  however,  the  names  have  been  coming  into  such  frequent 


i>Iay:22,  lOli.  4rm.  G.M.T. 


June  12,  9h.  Om.  G.M.T. 


June  12,  lOh.  Om.  G.M.T. 


July  l:i,  8h.  4flm.  G.M.T. 


£.  M.  Aittoiiiadii 


JUPITER    IX    1911. 


[Memoirs  of  B.A.A. 


These  drawings,  niaile  with  the  thirty-two-and-thrcc-quartcr  inch  refractor  of  the  Meudon  Observatory,  give  a  good  idea  of  the 

complexities  of  Jovian  detail  as  revealed  by  powerful  in.struments ;   indeed,  it  is  a  common  experience  among  observers  of 

Jupiter  to  see  far  more  detail  than  can  pos,sibly  be  recorded  in  the  short  time  allowed  by  the  planet's  rapid  rotation.     It  will 

be  noted  that,  in  this  year  at  least,  the  S<juthcrn  Hemisphere  showed  signs  of  far  greater  activity  than  the  Northern. 
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E.  E.  Barnard  l-rom   M.S.,   R.A.S. 

TRANSIT  OF  JUPITIiR'S  FIRST  SATEtUTE 

AND  ITS  SHADOW. 
The  first  and  second  Satellites  appear  as  bright 
discs  when  seen  projected  against  the  darker  belts 
of  Jupiter.  With  powerful  telescopes  a  white  band 
has  often  been  observed  crossing  the  disc  of  the 
First  Satellite,  as  shown  in  the  illustration  above. 


use  that  their  general  adoption  appears  imminent.  And 
it  will  be  an  innovation  of  a  desired  kind  when  the  other 
satellites  are  dignified  by  the  application  of  sp)ecific  titles. 
It  may  be  mentioned  here  as  a  singular  fact  that,  though 
the  four  known  satellites  of  Uranus  have  received  names, 
the  solitary  moon  of  Neptune  is  still  a  nameless  orb. 

Galileo's  moons  are  to  be  reckoned  among  the  principal 
objects  to  be  observed  by  the  amateur  astronomer.  They 
provide  a  number  of  interesting  configurations  from  night 
to  night  and  their  relative  positions  change  from  hour  to 
hour.  They  are  usually  placed  nearly  in  a  line  with  the 
directions  of  the  belts  and  the  planet's  equator.  Sometimes 
three  may  be  on  the  west  side  and  one  on  the  east ;  at 
other  times  the  distribution  may  be  equal  or  possibly 
they  may  all  be  placed  on  one  side  at  the  same  time.  One 
or  more  of  them  may  be  eclipsed  in  the  shadow  of  the 
planet  or  occulted  behind  his  globe,  or  in  transit  across  the  disc  of  its  primary  and  situated  between  the 
Earth  and  planet.  On  such  occasions  we  may  perceive  the  shadows  of  the  satellites  as  black  spots  in 
transit.  These  phenomena  are  excellently  visible  with  moderate  means.  When  a  satellite  begins  its 
transit  it  is  seen  on  the  edge  of  Jupiter's  disc  as  a  brilliant  spot,  but  it  is  gradually  transformed  as  it 
moves  well  on  to  the  disc  into  a  dark  spot.  This  applies  specially  to  the  third  and  fourth  satellites, 
and  is  sometimes  true  of  the  first  satellite,  but  the  second  satellite  seems  to  possess  greater  reflective 
power  than  the  others.  Its  shadow  when  projected  on  Jupiter's  surface  has  been  stated  to  be  of  a 
chocolate  colour  and  is  not  nearly  so  black  as  the  other  shadows. 

The  velocity  of  light  was  first  measured  by  Romer  in  1675  from  observations  of  the  eclipses  of  the 
satellites,  for  it  was  found  that  these  phenomena  occurred  sometimes  earlier  and  sometimes  later  than 
predicted,  the  difference  being  attributable  to  the  varying  length  of  path  traversed  by  the  light  of  the 
satellites,  according  as  the  Earth  weis  nearer  to  or  farther  from  them.  Romer  erroneously  deduced  a 
value  of  twenty-two  minutes  for  the  extreme  difference,  and  the  true  size  of  the  Earth's  orbit  was  in 
his  time  imperfectly  known.  However,  his  observations  and  data  were  sufficient  to  show  that  the 
velocity  of  light  was  of  the  order  of  200,000  miles  per  second.  The  true  value  is  now  known  to  be 
186,325  miles  per  second,  and  light  crosses  the  Earth's  orbit  in  sixteen  minutes  and  thirty-seven  seconds. 
Spots  have  been  observed  on  some  of  the  satellites,  and  esjjecially  on  the  third,  which  is  much 

the  largest,  and  has  a  real 
diameter  of  about  3,550  miles. 
Dawes  saw  the  markings  on  this 
satellite  in  1849,  and  Lassell  and 
others  since  his  time  have  also 
recognised  them.  Barnard  dis- 
covered what  appeared  to  be  a 
dark  equatorial  belt  on  the  fourth 
satellite,  and  thought  it  might  be 
duple,  but  this  has  not  been  con- 
firmed. Oval  forms  have  also 
been  attributed  to  the  satellites 
by  various  observers.  Innes, 
Phillips  and  others  have  made 
observations,  especially  of  the 
third  and  largest  satellite,  which 
suggest   that,   like  our  Moon,  it 
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OBSERVATIONS  OF  THE  THIRD  SATELLITE  OF  JUPITER. 
Probably  in  consequence  of  shadings  on  its  surface,  the  Third  Satellite  of 
Jupiter  usually  appears  slighUy  elongated.  In  the  diagram  the  direction  (or 
position  angle)  of  the  largest  diameter  is  plotted  against  the  place  of  the 
Satdtite  in  its  orbit,  reckoned  in  degrees  from  sujierior  geocentric  conjunction, 
i.e.,  when  it  is  behind  the  planet.  It  will  be  seen  that  the  changes  are 
systematic,  from  which  we  may  conclude,  as  has  been  suggested  by  Innes  and 
others,  that,  approximately  at  any  rate,  the  Siitellite  turns  the  same  face  to 
Jupiter  as  our  Moon  does  to  the  Earth.   Noelongation  is  seen  between  22o  and  30<) '. 


eci,:pses  and  transits  of  jupiter's  satellites. 

The  orbits  of  Jupiter's  larger  Satellites  lie  so  nearly  in  the  same  plane  as  the  Earth's  path  round  the  Sun  that  most  (and  often 
all)  of  them  appear  to  us  to  pass  at  each  revolution  both  in  front  of  and  behind  their  primarj*.  In  the  former  case  they  are 
said  to  be  in  "  transit,"  and  at  such  times  each  throws  a  little  round  black  shadow  on  the  bright  surface  of  the  planet.  These 
shadows  appear  in  advance  of,  close  to,  or  behind  each  Satellite,  according  to  the  relative  positions  of  the  Sun,  Earth,  and  Jupiter. 
When  on  the  other  side  of  Jupiter,  the  Satellites  are  plunged  into  his  great  cone  of  shadow  and  become  invisible  by  eclipse.  It 
will   be  seen   from  the  diagram  that   they  may.  also  be  hidden  from  us  by  the  body  of  Jupiter,   though  not  in  his  shadow. 

Thev  are  then  said  to  be  "  occulted."  ^ 
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T.  E.  R.  Phillips  and  W.  H.  Sleavenson.] 


[Journal  of  B.A.A. 


rotates   on    its    axis    in    the    same 

time  as  that  in  which   it    revolves 

in  its  orbit,  so  that  it  turns  always 

the  same  face  to  the  planet.     Oc- 
casionally the  four  brighter  satellites 

have  been  invisible  at  the  same  time, 

being  either  in  transit  or  hidden  in 

eclipse  or  occultation.     This  was  the 

case  in  November,  1681  ;    May  23, 

1802  ;  September  27,  1843  ;  August 

21,  1867  ;   and  on  several  subsequent 

dates. 

The  question  as  to  whether  any 

of  the  satellites  can  be  distinguished 

with  the  unaided  eye  has  been  much 

debated.     The  instances  of  affirma- 
tive testimony  are  pretty  numerous 

and  appear  to  be  reUable,  but  some 

scepticism  still  exists  on  the  point. 

It  is  argued  that  the  moons  are  so 

near  to  the  planet   that   they  are 

involved  in  his  rays,  and  moreover, 

being  of  small  magnitude,  must  be  overcome  by  the  light  of  their  primary.     WTien,  however,  the  third 

and  fourth  satellite  are  near  their  elongations  and  on  the  same  side  of  the  planet,  it  is  sometimes 

{xjssible  for  a 
keen  -  sighted 
p)erson  to  ob- 
tain glimpses 
of  them  as 
one.  No  doubt 
a  few  of  the 
observers  who 
claim  to  have 
performed  the 
feat  have  been 
victimised  by 
illusion  or 
imagination, 
but  it  seems 
quite  within 
the  powers  of 
the  human 
eve. 


JUPITER'S  THIRD  SATELLITE  IN  TRANSIT. 
Satellites  in  transit  often  appear  of  an  abnormal  shape,  and  this  is  due  to  the 
combined  effect  of  markings  on  their  surfaces  and  the  genera]  tone  of  those 
parts  of  the  planet  against  which  they  are  seen.  The  transit  depicted  above 
occurred  on  1917,  October  1,  and  the  sketches  marked  2  and  3  (eac^  by  a 
different  observer)  show  the  markings  on  the  SateUite  responsible  for  the 
appearances  shown  in  4,  5,  and  6.     Sketch  No.  1  represents  the  shadow  of 

the  SateUite. 


Sbadons  of  the  Satellites. 


Geocentric  position  of  the 

Satellites. 


Shadon^  of  the  Satellites. 


Geocentric  position  of  the 
Satellites. 


TRANSITS    OF    SATELLITES    AND    THEIR    SHADOWS.    1867,    .AUGUST    21  [Tcmpcl). 
When,  as  sometimes  happens,  more  than  one  satellite  is  seen  in  transit  at  one  time,  a  very  striking 
spectacle  is  afforded.    The  shadows  arc  always  prominent,  though  of  slightly  differing  size  and  sharpness, 
but  the  satellites  themselves  are  not  always  easily  distinguished.     Apart  from  their  real  differences  of 
surface  brightness,  they  are  affected  in  their  appearance  by  contrast  with  the  portion  of  the  planet  (light 

or  dusky)  against  which  they  are  seen. 
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SATURN. 

By  p.  H.  Hepburn,  LL.B.,  F.R.A.S. 

Passing  beyond  Jupiter,  the  next  planet  in  order  from  the  Sun,  and  at  nearly  twice  the  distance, 
is  Saturn.  This  is  the  most  distant  of  those  planets  that  are  readily  visible  to  the  naked  eye,  and 
(as  a  rule)  the  faintest  in  lustre,  besides  being  the  slowest  in  apparent  as  well  as  real  movement  round 
the  Sun.  Jupiter  takes  nearly  twelve  years  to  complete  its  circuit  of  the  heavens  ;  Saturn  nearly 
thirty. 

The  ancients  recognised  that  Saturn  was  the  most  distant  planet  known  to  them.  They  endowed 
him,  in  the  jargon  of  Astrology,  with  the  attributes  we  still  speak  of  as  "  Saturnine  " ;  dulness,  sluggish- 
ness and  morose  malevolence.    For  his  symbol  they  chose  the  lustreless  and  heavy  metal  lead.    The 


From  "Saturn    and  its  System  "  by  R.  A.  Proctor]  [By  kind  permission  of  Messrs.  Chatto  &  Windus. 

SATURN  AND  ITS  SYSTEM. 
The  upper  part  of  this  diagram  shows  an  imaginary  telescopic  view  of  the  planet,  with  its  rings  and  the  eight  inner  satellites. 
The  latter  can  be  identified  by  the  ntmibers  in  the  margin.     The  lower  part  shows  the  rings  and  satellite  orbits  to  scale.     The 
names  of  the  satellites  and  their  distances  from  Saturn  in  miles  are  as  follows  ; — 

1.  Mimas     117,000  2.  Enceladus 157,000  3.  Tethys    186,000  4.   Dione 238,000 

5.  Rhea  332,000  6.  Titan 771,000  7.  Hyperion    9.34,000  8.   lapetus  2,225,000 

The  distance  of  the  ninth  satellite  "  Plioebc  "  is  8,096,000  miles. 

contrast  with  the  reality  is  striking.  Far  from  being  heavy  and  leadlike,  Saturn  is  the  lightest  in 
substance  among  the  planets.  Instead  of  sluggishness  being  his  attribute,  we  find  his  surface  conditions 
even  more  turbulent  than  those  of  Jupiter,  while  the  telescope  discloses  this  dull  and  lustreless  planet 
as  perhaps  the  most  purely  beautiful  object  in  inanimate  nature. 

In  many  respects  Saturn  presents  well  marked  analogies  to  Jupiter.  In  each  case  we  have  a  vast 
globe,  flattened  at  the  poles,  and  in  very  rapid  rotation.  Saturn  is  but  little  less  in  diameter  than 
Jupiter,  and  somewhat  more  bulging  at  the  equator.  Jupiter  has  a  large  family  of  satellites,  so  has 
Saturn.  So  far,  the  planets  are  alike  ;  now  we  come  to  the  great  point  of  difference.  In  the  case  of 
Saturn  we  have  also  to  contemplate  the  mysterious  and  beautiful  ring  system,  which  has  no  analogue 


123456        78 
[By  kind  permission  of  Messrs.  Chatto  &  Windta, 


Ma».         Earth.  Venus.  Mercury. 

From  "  Salurn  and  Us  Sysltm,"  by  R.  A.  Proclor] 

SATURN  AXD  ITS  RINGS. 

Three  ideal  views  of  Sattirn  as  seen  in  a  very  powerful  telescope,  at  the  phases  of  minimum  and  maximum  opening  of  the 
rings,  and  an  intermediate  phase.  The  inclination  of  Saturn's  axis  to  its  orbit-plane  is  26°  49'-.'5,  but  owing  to  the  inclination  of 
the  planet's  orbit  to  the  ecliptic  the  inclination  of  the  planet's  a-xis  as  seen  from  the  Earth  is  sometimes  as  much  as  27°  13'. 
This  is  the  position  shown  in  the  lower  diagram.  Encke's  Division  in  ring  A  is  not  usually  seen  as  such  a  hard  line  as  here 
represented.  The  reality  of  the  Divisions  shown  between  rings  B  and  C  and  in  ring  C  is  very  dubious.  Below  are  shown  the 
relative  sizes  of  Mars,  the  Earth,  Venus  and  Mercurj'  on  the  left,  and  conjectural  dimensions  of  the  satellites  on  the  right. 
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in  the  system  of  Jupiter,  and  indeed  is  absolutely  unique  so  far  as  our  limited  knowledge  extends. 
A  good  deal  of  what  we  have  been  told  about  Jupiter  and  his  satellites  is  probably  applicable  to 
Saturn,  and  we  may  infer  from  the  analogy  of  Jupiter  much  that  we  cannot  observe.  We  may, 
therefore,  in  dealing  with  the  globe  and  satellites  content  ourselves  for  the  most  part  with  pointing 
out  such  differences  as  we  can  perceive,  dealing  more  fully  with  the  planet's  unique  appendage. 

If  we  compare  Saturn  with  the  Earth,  we  find  a  curious  numerical  coincidence  which  is  quite 
accidental,  but  may  perhaps  be  mentioned  as  an  aid  to  memory.  In  round  figures,  the  distance  of 
Saturn  from  the  Sun  is  nine  and  a  half  times  the  Earth's,  his  mean  diameter  is  a  little  less  than  nine 
and  a  half  times  the  Earth's  and  his  mass  ninety-five  times  the  Earth's. 


SATURN  AND  THE  EARTH.     RELATIVE  DIMENSIONS. 
The  following  are  the  approximate  dimensions: — Globe  of  Saturn:    Equatorial  diameter,   75,100  miles;    Polar  diameter, 
67,200  miles.     Ring  System  :    Over-all  span  of  rings,  169,000  miles  ;   breadth  of  separate  rings— A,  10,100  miles;    B,  16,500 
miles;    C,  9,800  miles.     Cassini's  Division  is  about  1,700  miles  in  width  and  the  gap  between  the  planet  and  ring  C  about 
8,800  miles.     These  dimensions  correspond  to  the  measures  used  in  the  ephemerides.     Cassini's  Division  and  ring  C  are 

probably  somewhat  wider  than  as  stated. 

The  relation  between  the  figures  for  diameter  and  mass  brings  us  to  the  most  striking  physical 
characteristic  of  the  planet,  the  exceeding  lightness  of  his  substance.  For  if  the  diameter  of  Saturn 
were  exactly  nine  and  a  half  times  the  Earth's,  the  volume  of  Saturn  would  be  850  times  the  Earth's 
(the  actual  figure  is  about  760  times)  and  if  the  two  planets  were  made  of  matter  of  the  same  density, 
the  mass  as  well  as  the  volume  of  Saturn  would  exceed  the  Earth's  in  the  same  proportion.  But  the 
mass  of  Saturn  is  only  ninety-five  times  that  of  the  Earth  instead  of  760  times,  so  that  the  stuff  of  which 
Saturn  is  made  is  only  about  one-eighth  as  den.se  as  the  Earth's  substance. 
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Drawing  by]  ««■.  T.  E.  R.  Phillipi. 

SATURN,  JANLARV,    1911. 

This  drawing  shows  Encke's  Division  among  other  features.     The  author  remarks  of  it :    "  It  was  never  dark  like  Cassini's 

Division,  but  appeared  like  a  delicate  ix;ncil  shading.     I  do  not  think  this  feature  is  illusor}-,  though  it  is  evidently  not  a  real 

division  and  is  probably  inconstant."     The  shadow  of  the  outer  edge  of  ring  A  is  seen  on  the  ball. 


Saturn  is,  in  fact,  about  thirty  per  cent,  lighter  than  water,  and  indeed  it  is  hghter  than  any  known 
solid  except  the  rare  metal  lithium.  Of  ordinary  earth-stuff  we  find  nothing  that  is  so  light  as  Saturn, 
not  even  the  spongy  rock  called  pumice  which  floats  on  water.  The  onlj-  familiar  solid  inorganic 
substance  that  is  less  dense  than  the  substance  of  Saturn  is  new-fallen,  unpacked  snow,  and  a  snowball 
not  too  tightly  squeezed  might  be  made  to  approximate  pretty  closely  to  the  average  consistency  of 
this  planet.  We  speak  of  "  average  consistency,"  but  it  must  not  be  forgotteri>that  the  stuff  deep 
down  in  Saturn  must  be  considerably  denser  than  his  average  which  makes  the  density  near  his  visible 
surface  so  much  the  less.  -   - 

This  state  of  things  presents  a  great  puzzle.  Of  what  sort  of  stuff  can  Saturn  be  made  ?  No  really 
satisfactory  answer  has  ever  been  given  to  this  question,  which  indeed  has  hardly  been  seriously 
tackled.  The  most  generally  accepted  explanation  is  that  in  great  part,  at  all  events,  Saturn  is  not 
solid  at  all,  but  a  heated  mass  of  gas.  On  this  hypothesis  the  planet  is,  in  fact,  sunUke,  though  not  so 
fiercely  hot  as  the  Sun,  and  what  we  see  is  the  upper  surface  of  the  non-luminous  vapours  floating 
above  the  incandescent  gaseous  interior.  The  behaviour  of  the  satellites  lends  support  to  the  suggestion 
that  a  considerable  part  of  the  mass  of  Saturn  is  strongly  condensed  towards  his  centre.  If  this  is  the 
true  explanation,  we  would  like  to  know,  in  addition,  why  Saturn  is  so  considerably  lighter,  bulk  for 
bulk,  than  Jupiter,  to  whom  similar  considerations  must  be  supposed  to  apply.  Jupiter  is  twice  as 
dense  as  Saturn. 

The  relation  between  speed  of  rotation  and  equatorial  bulge  is  significant  in  this  connection.  Other 
things  being  equal,  the  faster  a  planet  rotates  the  greater  will  be  the  bulge.  Now  Jupiter,  with  a  diameter 
of  88,700  miles,  rotates  in  about  nine  hours  fifty  minutes.  Saturn,  with  a  diameter  of  75,100  miles,  in 
about  ten  hours  fifteen  minutes.     So  that  the  equatorial  speed  of  rotation  of  Jupiter  is  over  28,300 
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miles  an  hour,  that  ot  Saturn  only  22,000  miles  an  hour.  And  yet  the  equatorial  bulge,  the  fraction 
of  itself  by  which  the  equatorial  exceeds  the  polar  diameter,  is  one-fifteenth  in  the  case  of  Jupiter; 
it  is  one-tenth,  i.e.,  fifty  per  cent,  more,  in  the  case  of  Saturn. 

In  contradiction  to  the  heat  hypothesis,  it  has  been  recently  suggested  on  physical  grounds  that 
Saturn,  Jupiter  and  the  other  outer  planets  must  be  colder  than  the  interior  planets,  and  if  this  is  so, 
the  matter  is  more  mysterious  than  ever.  Some  evidence  that  the  real  globe  of  Saturn  is  smaller  than 
we  see  and  that  he  is  surrounded  by  a  very  deep  atmosphere,  may  perhaps  be  found  in  recent  obser- 
vations b}^  Instructor  Captain  Ainslie  and  Mr.  Knight  of  the  passage  of  Saturn  over  a  star.  Both 
the  disappearance  of  the  star  behind  the  limb  of  the  planet  and  its  subsequent  re-appearance  were  slow 
and  gradual,  and  took  a  length  of  time  estimated  in  minutes,  instead  of  being  instantaneous  as  we 
should  expect.  We  should,  however,  perhaps  be  wrong  to  attach  too  much  importance  to  this 
observation. 

Whether  Saturn  has  a  solid  surface  or  not,  it  is  certain  that  what  we  see  is  not  solid,  but  the  upper 
surface  of  clouds  of  some  sort — either  floating  in  the  planet's  atmosphere  or  supported  by  radiant 
forces  due  to  internal  heat.  We  need  not,  however,  suppose  that  these  clouds  are  necessarily  formed 
of  water  or  ice,  as  are  the  clouds  that  float  in  our  own  atmosphere.  As  in  the  case  of  Jupiter,  this  visible 
surface  is  diversified  by  shifting  belts  and  occasionally  by  spots.  Since,  however,  Saturn,  owing  to  his 
greater  distance  from  the  Sun,  is  much  less  strongly  illuminated  than  Jupiter,  and  owing  to  his  greater 
distance  from  the  Earth  is  seen  on  a  considerably  smaller  scale,  very  little  detail  can  be  made  out 
beyond  the  broadest  general  outlines.  In  fact,  on  only  about  half  a  dozen  occasions  have  spots  been 
seen  which  could  be  "  held  "  by  observers  of  ordinary  acuteness  of  vision  so  as  to  enable  the  rotation 
period  of  the  planet  to  be  determined. 

The  first  such  observation  was  made  by  Herschel  in  1793,  and  from  it  he  deduced  a  rotation  f)eriod 
of  ten  hours  sixteen  mmutes,  showing  a  velocity  of  rotation  not  quite  so  rapid  as  Jupiter's.  Subse- 
quent observations  of  a  similar  nature  indicate  that  as  in  the  case  of  Jupiter  (and  also  of  the  Sun) 


By  permission  of  R.A.S.]  [E-  E.  Barnard. 

SATURN,  JUI^Y  2,    1894. 

A  drawing  made  at  the  great  telescope  of  the  I,ick  Observatory.     The  observer  remarks  : — "  I  have  only  drawn  what  I  have  seen 

with  certainty.     It  is  true  the  picture  appears  abnormally  devoid  of  details  when  compared  with  drawings  made  with  some  of 

the  smaller  telescopes.     I  am  satisfied,  however,  to  let  it  remain  so," 
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there  are  different  rates  of  rotation  in  different  latitudes.  These  differences  are  in  Saturn's  case  even 
more  marked  than  in  Jupiter's,  implying  surface  currents  of  something  like  900  miles  an  hour.  At 
Saturn's  great  distance  from  the  Sun,  it  is  very  difficult  to  see  how  the  solar  energy  can  be  sufficient 
to  create  these  great  movements,  and  we  seem  driven  again  to  the  hypothesis  of  internal  heat  to 
explain  them. 

Pictures  of  Saturn  often  show  more  diversity  of  marking  than  the  description  we  have  given  above 
would  imply.  We  must  remember,  however,  that  the  detail  shown  in  these  pictures  is,  generally 
speaking,  only  glimpsed  at  moments  of  the  most  perfect  seeing,  and  then  only  by  exceptionally  keen- 
eyed  observers.  In  attempting  to  draw  such  detail  it  is  necessary  to  exaggerate  contrast  very  greatly. 
The  colours  shown  in  illustrations  of  Saturn  are  often  but  little  exaggerated.  There  are  moments, 
though  they  are  rare,  when  the  delicate  tints  of  Saturn  present  a  spectacle  of  amazing  beauty. 


By  permission  ofR.A.S.'  [E.  E.  Barnard. 

SATURN,  JUI^Y   7,    1898. 

Another  of  Barnard's  magnificent  drawings,  made  at   the  Yerkes  forty-inch  refractor.     The  author  remarks  :    "  I  have  never 

seen  the  planet  -better,  nor  have  I  seen  so  much  detail  upon  it  before.      There  seems  to  be  a  dusky  shading  where  lincke's 

Division  is  usually  shown."    This  drawing  (like  the  last)  is  of  great  value  as  showing  what  a  preeminently  skilled  ol>server, 

using  the  most  ixiwerful  refractor  in  existence,  could  see  on  an  exceptionally  favourable  occasion. 


The  satelUtes  of  Saturn  form  a  system  not  less  interesting  than  Jupiter's.  Jupiter  has  four  large 
'satellites,  one  small,  and  four  which  we  may  call  minute.  In  Saturn's  case,  we  have  three  comparable 
with  Jupiter's  greater  satelhtes ;  namely  Titan,  which  is  considerably  larger  than  our  Moon  ;  and 
Rhea  and  lapetus,  each  of  which  may  be  about  a  thousand  miles  in  diameter.  We  have  next  a  series 
of  five  of  what  we  may  call  moderate  size,  ranging  from  800  or  900  miles  to  200  or  less.  Then  we  know 
of  one  very  distant  minute  satellite  of  the  same  order  of  size  as  the  four  outer  satellites  of  Jupiter. 
This  body,  to  which  the  name  "  Phoebe  "  has  been  given,  was  observed  by  W.  H.  Pickering  (on  a 
photograph)  in  1898.  It  is  computed  to  be  about  fifty  miles  in  diameter.  If  Saturn  were  no  farther 
off  than  Jupiter,  we  should  doubtless  be  able  to  see  more  of  these  little  bodies.  Indeed  the  discovery 
of  another  one  was  actually  announced  by  Pickering  soon  after  that  of  Phoebe,  but  its  existence  has 
not  been  satisfactorily  confirmed.      Except  in  the  case  of  Titan,  the  dimensions  we  have  given  for 
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[J.  D.  Cassini. 

AN  EARLY  DRAWING  OF  SATURN. 

This  sketch  of  Cassini's,  which  is  dated  1676, 

is  of    interest  as    being  the  first    published 

drawing  which  shows  the  great  "  Division  " 

in  the  ring. 


the  satellites  are  highly  conjectural,  as  owing  to  their  great 
distance  they  are  too  small  for  direct  measurement. 
■  ',  When  the  motion  of  Phoebe  was  studied  by  its  discoverer, 
a  surprise  developed.  He  found  that  this  motion  was 
"  retrograde,"  and  therefore  in  contrary  direction  to  those  of 
the  inner  satellites  and  of  the  planet's  own  rotation.  A 
similar  state  of  things  exists  with  regard  to  the  outermost 
satellites  of  Jupiter,  but  they  were  not  discovered  until  later. 
It  is  curious  that  Saturn,  whose  rings  furnished  a  hint  which 
probably  had  a  great  deal  to  do  with  the  formation  of  Laplace's 
celebrated  "  Nebular  Hypothesis,"  should  be  the  first  planet 
to  deal  a  shrewd  blow  to  that  hypothesis  by  exhibiting 
contrary  motions  of  revolution  in  one  and  the  same  system. 

From  the  regular  variations  of  light  of  some,  if  not  all,  of  the  satellites  of  Saturn,  it  is  believed  that 
they  always  turn  the  same  face  to  their  primary,  as  does  our  own  Moon.  This  is  very  noticeable  in  the 
case  of  lapetus,  the  outermost  of  the  eight  large  satellites ;  so  noticeable  that  Huyghens,  by  whom  this 
sateUite  was  discovered  in  1671,  was  even  at  that  early  date  able  to  observe  the  fact  and  to  suggest  the 
reason.  There  is  reason  to  believe  that  some  of  the  smaller  satellites  of  Saturn,  or  at  any  rate  Mimas 
the  nearest,  are  even  lighter  in  substance  than  the  planet  itself.  They  are  also  remarkable  for  their 
high  "  albedo  "  or  whiteness  (see  page  104)  which  would  seem  to  be  comparable  with  that  of  snow. 
Owing  to  their  small  size,  we  cannot,  as  in  the  case  of  the  planet  itself,  suppose  that  they  are  expanded 
by  internal  heat,  or  that  they  are  cloud  covered — bodies  so  small  could  not  retain  atmospheres.  It 
appears  to  the  present  writer,  as  a  possibility  worth  consideration,  that  these  satellites  may  be  composed 
of  ice,  or  perhaps  to  some  extent  of  loosely  packed  snow  or  some  similar  substance.  It  seems  the  only- 
way  of  accounting  for  their  lightness  and  whiteness. 

Let  us  now  pass  to  consideration  of  the  wonderful  ring  system  which  is  the  distinguishing  feature 
of  this  planet.  The  general  aspect  is  probably  familiar  to  everyone,  whether  he  has  looked  through 
a  telescope  or  not.  A  small  telescope  shows  Saturn  encircled  by  "  a  flat  ring  nowhere  touching  the 
planet,"  to  use  the  words  of 
Huyghens,  who  first  observed  the 
true  nature  of  this  appendage. 
A  good  three-inch  telescope 
shows  in  addition  a  fine  black 
line  traced  round  the  surface  of 
the  ring,  suggesting  that  there 
are,  in  fact,  not  one  but  two 
rings,  one  within  the  other. 
Cassini  in  the  Seventeenth  Cen- 
tury was  the  first  to  call  atten- 
tion to  this  line  and  it  is  called 
after  him  "  Cassini's  Division." 
A  similar  line  can  be  seen  when 
the  other  face  of  the  ring  is 
turned  toward  us,  but  it  was  left 
toHerschel  more  than  100  years 
after  the  discovery  to  establish 
by  exact  measurement  that  the 
two  lines  are  really  one,  and, 
in  fact,  represent  a  real  division 
and  not  merely  surface  markings. 


GALILEO'S  FIRST  VIEW  OF  SATURN. 

The  upper  part  of  this  diagram  shows  roughly  the  aspect  of  Saturn  in  1610.     Galileo's 

telescope  was  sufficiently  powerful  to  show  the  broad  extremities  of  the  ring  ellipse 

but  not  the  narrow  parts  nearer  the  planet.      His  interpretation  of  what  he  saw — a 

triple  planet — is  shown  beneath. 
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A  more  powerful  telescope  shows  us  clearly  that  the  two  rings  (usually  called  "  A  "  and  "  B," 
A  being  the  exterior  of  the  two)  are  not  uniform  in  brightness  ;  B  is  brighter  than  A  and  the 
outer  region  of  B  (which  is  the  brightest  portion  of  the  Saturnian  system)  is  brighter  than  the  inner 
region.  It  also  shows  us  another  marv'el.  Within  ring  B  is  a  third  ring  of  fairylike  delicacy,  and 
transparent,  so  that  the  edge  of  the  planet  can  be  seen  through  it.  It  is  beautifully  represented  in  the 
illustration  on  page  362.  It  is  called  ring  C,  or,  from  its  filmy  transparency,  the  "  crape  ring." 
This  ring  is  easy  to  see  in  quite  small  telescopes  as  a  dark  shading  where  it  crosses  the  planet,  and  is, 
in  fact,  clearly  shown  in  some  of  Herschel's  drawings.  The  German  astronomer  Galle  was  the  first  to 
recognise  this  ring  in  1838,  but  his  observation  very  curiously  remained  unnoticed  and  the  discovery 
of  the  crape  ring  as  such  is  usually  attributed  to  the  American  Bond  and  our  own  Dawes  in  1850. 
The  history  of  this  ring  is  a  curious  example  of  how  a  phenomenon  may  stare  astronomers  in  the  face 


DRAWINGS  OF  SATURN. 
Sketches  made  by  divers  early  observers  of' the  seventeenth  century  Ijefore  the  true  nature  of  the  ring  was  i>erceived   l>y 
Huyghens.     These   drawings  are  interesting  (is  showing  the  capacities  of    the  early  telescopes  l>efore  the  discovery  of  the 
achromatic  principle      With  the  miKlern  achromatic  three-inch  telescope  the  true  figure  of  the  ring  is  immediately  apjiarent. 
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By  permission  of  R.A.S.]  [E.  A/.  Antoniadi. 

SATURN,  JUXE  AND  JULY,    1899. 

Showing  the  rings  at  their  greatest  opening.      Besides  Encke's  Division  in  ring  A  a  well  marked  "  division  "  was  observed 

in  ring  B.      Both  "  divisions  "  are  drawn  as  tine  lines,  but  as  in  the  case  of  the  canals  of  Mars,  some  doubt  may  be  felt  as  to 

whether  these  objects  are  really  of  this  nature.     The  drawing  shows  irregularities  (rarely  observed)  in  ring  A. 

and  yet  remain  undetected.  In  the  winter  of  1907-1908  certain  observers  thought  that  they  had 
detected  a  very  faint  dusky  ring  exterior  to  ring  A,  but  its  actual  existence  cannot  be  considered  as 
established. 

Cassini's  Division  is  always  obvious  and  its  nature  is  undoubted.  Other  similar  markings  have 
occasionally  been  observed  in  all  the  rings,  some  of  which  possibly  represent  real,  though  not  necessarily 
permanent,  divisions.  The  least  difficult  of  these  and  the  one  most  often  perceived  is  "  Encke's  " 
Division,  in  ring  A.  It  may  be,  however,  that  the  so-called  division  is  really  a  mere  difference  of 
shade  as  it  apjjears  in  some  of  our  illustrations.  We  have  already  seen,  when  dealing  with  Mars,  that 
what  to  some  eyes  appears  to  be  the  boundary  of  a  shading,  is  seen  byothers  as  a  fine  line.  Some  of  the 
keenest-sighted  astronomers,  using  instruments  of  every  size  up  to  the  most  powerful  refractors  in 
existence,  have  but  seldom  perceived  more  than  a  doubtful  indication  of  Encke's  Division. 

Before  we  pass  to  the  question  of  the  physical  constitution  of  the  ring  system,  it  will  be  useful  to 
consider  for  a  moment  its  changes  of  aspect.  Ever  since  telescopic  observation  of  Saturn  began,  the 
planet  has  been  in  the  habit  of  springing  surprises  on  astronomers.  The  first  observer,  Galileo,  found 
that  the  planet  seemed  to  be  triple — a  big  globe  in  the  middle  and  what  looked  like  a  little  globe  on 
each  side.  This  astonished  him,  and  he  was  still  more  astonished  rather  more  than  a  year  later,  when 
he  looked  at  the  planet  again  and  found  that  the  two  smaller  globes  had  vanished.  "  Has  Saturn  then," 
he  said,  "  devoured  his  own  children?  " 

To  understand  what  has  happened  it  is  well  to  make  a  rough  model  (see  page  366)  which  may 
be  done  as  follows  : — 

Cut  out  a  circular  piece  of  stiff  cardboard  six  inches  in  diameter.  Spear  it  on  the  small  blade  of  a 
pocket  knife  wedged  open  to  an  angle  of  about  twenty-seven  degrees.  Open  the  other  blade  fully  and 
stick  it  vertically  in  a  block  of  wood,  which  prop  up  on  a  table  in  the  middle  of  the  room  until  it  is  at 
the  same  level  as  the  eye.  Find  the  position  where  the  cardboard  disc  is  seen  exactly  edgewise  as  in  (1) ; 
then  on  proceeding  round  the  room,  still  keeping  the  eye  at  the  same  level,  the  disc  will  be  seen  in 
the  several  positions  (2),  (3),  (4)  and  so  on,  until  we  return  to  (1). 
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During  half  this  circuit,  we  shall  see  the  top  side  of  the  disc,  say  the  north  side,  and  during  the 
other  half,  the  under,  or  south  side.  At  two  positions  the  disc  will  be  seen  edgewise  and  if  it  were  very 
thin,  it  would  vanish.    At  two  others,  it  will  be  seen  at  maximum  opening. 

Of  course,  in  reahty,  the  observer  does  not  go  round  Saturn ;  Saturn  goes  round  the  observer.  But 
the  result  is  precisely  the  same,  in  either  case,  and  it  is  easier  to  walk  round  the  model  than  to  cause 
the  model  to  walk  round  us. 

A  more  elaborate  but  even  more  instructive  model  may  be  made  with  a  tennis  ball,  three  knitting 
needles  and  a  cardboard  ring.  The  ring  should  be  cut  out  to  scale  with  the  ball  according  to  the  dimen- 
sions given  later.  By  treating  this  model  in  the  same  way  as  we  did  the  disc,  we  shall  reproduce  the 
actual  phases  of  the  planet  as  illustrated  on  page  103. 
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MODEL  TO  SHOW  THE  PHASES  OF  THE  RIXG. 
This  model  and  its  uses  are  explained  on  page  365.    (The  artbt  has  inserted  an  orange,  which  is  jierhaps  an  improv.jnent.) 
The  diagram  in  the  lower  part  of  the  illustration  should  be  compared  with  that  of  the  actual  phases  of  the  planet  appearing 

on  page  103. 

Now  we  can  see  what  puzzled  Galileo.  When  he  looked  first,  the  phase  of  ring  was  as  in  the  upper 
part  of  the  diagram  on  page  364  which  his  imperfect  telescope  showed  as  in  the  lower  part  of  the 
same  diagram.  On  the  second  occasion  the  ring  was  viewed  nearly  edgeways,  and  being  very  thin  he 
could  not  see  it  at  all.  Since  the  period  of  revolution  of  Saturn  is  nearly  thirty  years  the  ring  is  viewed 
edgeways  at  intervals  of  fourteen  or  fifteen  years.    The  last  occasion  was  the  winter  of  1920-1921. 

Now  the  ring  is  so  exceedingly  thin  and  so  exceedingly  flat  that  for  a  short  time  about  these  periods 
of  "  disappearance  "  no  telescope  will  show  it.  This  is  a  very  striking  circumstance  when  we  consider 
its  vast  dimensions.  Its  span  is  roughly  170,000  miles,  and  its  breadth  from  the  outer  edge  of  ring 
A  to  the  inner  edge  of  ring  C  38,000  miles,  and  yet  its  thickness  can  hardly  exceed  fifty  miles 
and  may  be  very  considerably  less. 
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From  "  General  Astronomy  "  by  H.  Spencer  Jones] 

[*_v  permission  of  Messrs.  Ed.  A  mold  &  Co. 

SPECTROSCOPIC  PROOF  OF  THE 
ROTATION  OF  THE  RING. 
Diagram  imlicating  the  nature  of  the  spectro- 
scopic proof  both  that  the  ring  rotates  and  that 
it  does  not  rotate  as  a  solid  ring  but  as  a  cloud  of 
separate  bodies.  If  the  ring  did  not  rotate  the 
lines  a  b  and  c  d  would  not  be  inclined.  If  the 
rings  rotated  in  one  piece,  so  that  the  velocity 
diminished  from  the  outside  edge,  inwards,  the 
inclination  of  the  lines  a  b  and  c  d  would  be  in 
the  same  direction  as  that  of  the  line  A   B. 


For  some  200  years  after  its  discovery,  the  ring  system 
was  generally  supposed  to  be  a  continuous  sheet  of  solid 
matter  ;  though  as  early  as  the  beginning  of  the  Eighteenth 
Century,  it  was  suggested  that  it  might  be  a  cloud  of  small 
bodies.  About  the  end  of  the  Eighteenth  Century,  the 
great  mathematician  Laplace  investigated  the  problem  of 
the  stability  of  solid  rings  encircling  a  planet.  He  found, 
firstly,  that  a  ring,  if  it  is  to  persist,  without  falling  in  on  to 
the  planet,  must  be  in  rotation  round  it.  Secondly,  that 
the  breadth  of  such  a  ring,  if  it  is  not  to  be  disrupted  under 
the  strains  to  which  it  is  subject,  must  be  very  narrow. 
The  two  rings  of  which  at  that  time  Saturn's  appendage 
appeared  to  be  composed  were  much  too  broad  for  his  theory. 
Therefore  he  supposed  that  they  must  each  be  made  up  of 
a  large  number  of  thinner  rings  separated  by  divisions 
analogous  to  Cassini's  Division,  but  too  narrow  to  be  per- 
ceived by  the  telescopes  of  his  day.  He  further  suggested 
that  even  such  narrow  rotating  rings  would  be  disrupted 
unless  they  were  eccentrically  placed  with  regard  to  the 
planet  and  also  unequally  weighted  in  different  parts  of 
their  circumference.  This  very  artificial  theoretical  system 
held  the  field  for  over  fifty  years.  Doubtless  it  derived  some 
support  from  the  observation  from  time  to  time  of  real  or 
supposed  divisions  in  the  two  main  rings. 

Pierce,  an  American  mathematician,  then  showed  that 
the  rings  must  be  very  considerably  narrower  than  Laplace 
required.     A  little  later,  in  1857,  the  English  mathematician,' 


Clerk  Maxwell,  took  up  the  whole  investigation 
afresh.  He  proved  conclusively  that  any  con- 
tinuous solid  rings,  however  narrow,  would  go 
to  pieces  ;  and  that  it  would  not  help  if  the 
rings  were  fluid,  for  they,  too,  would  be  unstable. 
No  alternative  was  left  but  to  discard  altogether 
the  idea  that  the  rings  were  continuous  sheets  of 
matter.  They  could  only  be  flights  of  small 
bodies,  so  small  as  not  to  be  broken  up  under 
the  strains  to  which  they  are  subjected  on  account 
of  their  nearness  to  the  planet. 

We  know  as  the  result  of  these  investigations 
that  the  rings  of  Saturn  are  made  up  of  dis- 
continuous small  particles.  We  do  not  know 
certainly  the  size  of  these  particles  except  that 
they  are  very  much  smaller  than  the  bodies 
we  usually  speak  of  as  "  sateUites."  There  are, 
however,  reasons  for  believing  that  they  are 
very  small  indeed,  perhaps  not  larger  than  the 
microscopical  particles  or  droplets  of  which 
terrestrial  clouds  are  made.  It  has  even  been 
.suggested  that  the  rings  may  not  be  composed 


Barnard. 


PHOTOGRAPH  OF  SATURN  NOVEMBER  19,  19U. 
The  first  really  good  photograph  of  the  planet,  taken  with  the 
sixty -inch  lit.  Wilson  reflector.  Four  exposures,  each  of  about 
ten  to  twelve  seconds,  appear  on  the  same  plate.  This  illustra- 
tion should  be  compared  with  the  enlarged  copy  on  the  succeed- 
ing page.  It  may  also  be  compared  with  Mr.  Phillips'  drawing 
{page  360)  made  in  January  of  the  same  year. 
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Drawing  by]  [P.  H.  Hepburn. 

ENI<ARGED  DRAWING  OF  SATURN  FROM  PROFESSOR  BARNARD'S  PHOTOGRAPH  OF  NOVEMBER  19,  1911. 
This  drawing  enables  the  features  shown  in  the  photograph  on  the  preceding  page  to  be  studied  more  conveniently.  The 
crape  ring  is  clearly  visible  where  it  crosses  the  planet,  but  is  too  faint  to  show  in  the  space  on  each  side  of  the  ball.  The 
outline  of  the  globe  is  visible  through  ring  A.     No  shadows  appear  since  the  planet  was  within  ten  days  of  opix»itioii, 

of  ordinary  atomic  matter  at  all,  but  that  they  are  a  film  of  "  ionised  molecules,"  analogous  perhaps 
to  the  streams  of  electrons  believed  to  be  shot  out  from  the  Sun,  but  this  is  perhaps  going  a  little 
too  far. 

Whatever  their  size,  each  such  particle  must  be  thought  of  as  revolving  round  Saturn  as  an  indepen- 
dent minute  satellite,  at  the  proper  rate  corresponding  to  its  distance  from  the  centre  of  the  mass  of 
the  planet.  There  is,  however,  a  point  about  minute  bodies  that  must  not  be  forgotten.  They  would 
not  move  precisely  like  the  comparatively  heavy  numbers  of  the  Solar  System  with  which  we  are  more 
familiar,  under  the  law  of  gravitation  alone,  but  they  would  also  be  subject  to  forces  arising  from 
radiation  pressure  which  in  the  case  of  such  bodies  might  possibly  produce  more  powerful  effects  than 
gravitation. 

That  the  particles  forming  the  ring  revolve  round  Saturn  is  certain,  but  such  revolution  cannot  be 
visually  observed,  since  the  rings  present  no  irregularities  that  can  be  followed  with  the  telescop)e.  It  is 
true  that  Herschel  thought  he  had  detected  a  bright  point  in  the  ring  which  appeared  first  on  one  side 
of  the  planet  and  then  on  the  other,  and  he  deduced  from  it  a  rotation  period  of  ten  hours  thirty-two 
minutes,  which  corresponds  to  the  gravitational  period  of  revolution  of  a  particle  near  the  outer  edge 
of  ring  B.  It  is  probable,  however,  that  what  he  saw  was  a  certain  optical  phenomenon  which  has  often 
since  been  observed,  and  which  is  not  attributable  to  rotation  of  the  ring.  The  fact  not  only  of  rotation, 
but  of  differential  rates  of  rotation  such  as  are  required  by  gravitational  theory  has,,  however,  been 
beautifully  confirmed  by  spectroscopic  observations  dependent  on  the  "  D."ppler  "  principle,  e.xplained 
at  page  65. 

Besides  the  dynamical  proof  that  the  rings  are  not  continuous  but  are  made  up  of  small  bodies, 
their  insubstantial  natvire  appears  from  other  considerations.  In  the  first  place,  they  have  no  appre- 
ciable mass — Hermann  Struve,  the  Russian  astronomer,  found  as  the  result  of  his  long  investigation  of 
the  motions  of  the  satellites,  completed  some  thirty  years  ago,  that  if  the  mass  of  the  rings  was  as  large 
as  one-twenty-seven- thousandth  of  the  mass  of  Saturn,  its  effect  would  be  apparent  in  disturbance  of 
such  motions.  This  is  an  outside  limit  ;  the  real  mass  of  the  rings  is  probably  very  much  less  than  the 
figure  stated. 

Again,  it  has  already  been  mentioned  that  the  inner  ring  C  is  transparent,  and  recent  obser- 
vations have  shown  that  this  applies  to  the  two  outer  rings  also,  though  in  a  less  marked  degree.     Near 


JUPITER  AS  SEEN  KKOM  OXE  OF  ITS  MOONS. 
This  drawinf{  is  an  attempt  to  depict  Jupiler  as  it  would  be  seen  from  one  of  its  more  distant  satellites,  and  is.  of  coiiise.  imaRinaiy.  Tlie 
while  circle  on  the  rifiht  may  bs  taken  t(^  be  Satellite  III.  which  owmg  to  its  comparative  proximity,  would  appear  larger  relatively  lo 
Jupiter  than  as  seen  frr>m  the  earth.  The  round  black  spot  near  it  is  its  shadow.  We  may  suppose  the  lartie  Srey  spot  further  to  the  left  to  be 
Satellite  IV.  which  in  consequence  of  its  low  albedo,  usually  appears  very  dark  when  seen  against  the  bri»{ht  backjjround  of  the  plaiiels  surface. 
The  artist  has  sufUested  an  atmosphere  surrounding  it.  but  it  is  doubtful  whether  one  ot  any  appreciable  density  exists.    (See  Ch:ipter  VIII.) 
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the  times  when  the  plane  of  the  ring  passes  through  the  Earth  and  the  ring  is  therefore  seen  edgeways, 
there  is  an  interval,  usually  of  some  weeks,  before  the  plane  passes  between  the  Earth  and  the  Sun. 
(The  passages  of  the  plane  through  Earth  and  Sun  are  not  simultaneous  owing  to  the  fact  that  the  orbit 
plane  of  Saturn  is  slightly  inclined  to  that  of  the  Earth.)  When  this  happens,  one  face  of  the  ring  is 
illuminated  by  the  Sun  while  the  other  face  is  presented  to  the  Earth.  At  such  times  the  ring  does  not 
become  invisible,  but  can  be  dimly  seen  by  sunlight  which  has  penetrated  through  it,  notwithstanding 
that  the  illumination  is  very  oblique,  so  that  the  rays  of  sunlight  illuminating  the  underside  of  the 
ring  have  penetrated  through  a  depth  of  ring  substance  equal  to  twenty  or  thirty  times  the  thickness 
of  its  cross  section. 

On  several  photographs  of  Saturn  made  in  recent  years  the  globe  of  the  planet  can  be  perceived 
through  the  outer  ring.  This  was  first  perceived  in  the  photograph  (taken  in  1911  by  the  late  Professor 
Barnard  with  the  sixty-inch  reflector  at  Mount  Wilson)  which  figures  as  one  of  our  illustrations,  and  of 
which  the  drawing  on  page  368  is  an  enlarged  copy.  On  two  recent  occasions  when  Saturn  in  his  motion 
has  "  occulted  "  or  passed  in  front  of  faint  telescopic  stars,  such  stars  have  been  seen  shining  through  the 
substance  of  the  rings.  On  the  earlier  occasion  (February  9,  1917)  the  star  escaped  occultation  by 
ring  B,  but  was  clearly  seen  shining  through  ring  A.  On  the  second  occasion  (March  14,  1920) 
three  observers  watching  the  planet  together,  perceived  the  star  to  remain  shining  with  comparatively 
little  diminution  of  lustre,  not  only  through  ring  A  but  through  the  densest  part  of  ring  B. 
The  fact  is  the  more  remarkable  if  we  bear  in  mind  that  owing  to  the  very  oblique  presentation  of  the 
ring  at  the  date  of  the  observation,  the  ray  of  light  from  the  star  had  to  pass  through  a  depth  of  ring 
matter  equal  to  about  eight  times  the  thickness  of  its  cross  section. 

A  very  remarkable  fact  about  the  ring  is  the  high  albedo  or  reflecting  power  of  its  brighter 


TWO  VIEWS  OF  SATURN. 

Saturn  as  viewed  in  a  telescope  of  medium  power  about  the  time  of  the  "  disappearance  "  of  the  rings.     In   the  left-hand 

drawing  the  illuminated  surface  of  the  rings  is  turned  slightly  towards  the  Earth  ;    in  the  other  the  darli  surface  is  turned 

towards  the  Earth  and  the  ring  is  invisible.     In  both  views  the  shadow  of  the  whole  of  the  ring  system  can  be  seen. 
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By  permission  of  R.A.S.] 

OUTLINE  OF  THE  PLANET'S  SHADOW  ON  RING. 
Portions  of  the  three  rings  are  shown  where  they  pass  behind  the  limb  of 
the  planet.  The  "  peaks  "  in  the  shadow  at  the  edge  of  the  rings  are 
illustrations  of  the  optical  phenomenon  known  as  "  the  black  drop."  The 
narrowness  of  the  shadow  at  the  brightest  parts  of  the  rings  is  due  to 
"  irradiation."     Probably  all  these  phenomena  are  of  the  nature  of  optical 

illusions. 


regions  (see  the  discussion  of  albedo 

on  pages  104, 107).    We  read  in  those 

pages   that    the    average    albedo   of 

Saturn  is  very  high.    Naturally,  the 

albedo   of   the   brightest  regions  of 

Saturn   is   higher   still.         But   the 

brightest    regions    of    the    ring    are 

brighter  than  the  brightest  regions  of 

Saturn.     It  is  generally  assumed 

that    the    rings    are    composed    of 

meteoric  matter,  but  whiteness  such 

as  this  seems  to  the  present  writer 

to  be  inconsistent  with  this  suppo- 
sition.     Such  meteoric  matter  as 

comes  our  way  is  usually  very  dark 

in   colour.      Something  dazzlingly 

white  is  required,  and,  though  there 

are  difficulties,  the  writer  would 
"s  suggest  that  the  ring  may  perhaps  be  of  analogous  constitution  to  that  of  the  high  filmy  clouds 
I  composed  of  minute  ice  crystals  which  we  call  cirrus  or  "  Mare's  Tails."  We  cannot,  of  course, 
\  think  of  such  clouds  as  floating  in  an  atmosphere,  like  our  terrestrial  clouds,  but  must  suppose  each 

[separate  minute  particle  to  be  pursuing  an  orbit  in  space  round  the  planet  like  any  ordinary  satellite. 

I      Viewing  the  ring  as  made  up  of  myriads  of  small  bodies  pursuing  their  several  orbits  round  Saturn, 

«e  may  find  a  possible  reason  for  the  existence  of  Cassini's  Division,  and  perhaps  also  for  some  of 

the  other  "  divisions  "  already  mentioned.      The  zone  of  asteroids  lying  between  Jupiter  and  Mars 

)(ias,  as  we  have  already  been  told,  certain  gaps  which  are  devcnd  of  these  small  planets.    It  was  shown 
.  '"' by  Kirkwood  that  these  gaps  correspond  to  distances  from  the  Sun  at  which  a  planet  would  have  a 

period  of  revolution  bearing  a 
definite  simple  proportion  to  the 
period  of  Jupiter,  for  instance  one- 
half  of  Jupiter's  period,  or  two- 
thirds. 

The  idea  is  that  planets  whose 
periods  bear  such  relations  to  that 
of  Jupiter  would  at  frequently 
recurring  intervals  in  the  same  part 
of  their  orbit,  be  at  their  nearest 
points  to  Jupiter  and  so  would  get 
a  constantly  recurring  push  in  one 
particular  direction.  The  case  is 
analogous  to  that  of  a  swing.  If 
we  give  a  comparatively  slight  push 
to  a  swing  at  a  particular  point  of  its 
rhythmical  "  orbit  "  every  time  it 
gets  to  that  point,  we  soon  set  up 
with  very  slight  effort  a  very 
considerable  alteration  in  the  motion 
of  the  swing. 

Now  it  is  found  that  Cassini's 
Division  is  at  a  distance  from  Saturn 


Drawing  byi  L**'-  ^-  ^leai£nson. 

SATURN  NEAR  THE  DATE  OF  "  DISAPPEARANCE  "  OF  THE  RINGS. 
Drawing  made  at  the  Greenwich  twenty-eight-inch  refractor  on  November  16, 
1920,  about  nine  days  after  the  plane  of  the  ring  passed  through  the  Earth.  The 
unilluminated  face  of  the  ring  is  presented  to  the  Earth  and  is  seen  faintly  by 
sunlight  penetrating  through  the  ring.  Dr.  Steavcnson  says  : — "  It  has  been 
impossible  to  reproduce  exactly  the  delicacy  of  the  shadings  in  the  rings ;  the 
contrasts  are  necessarily  much  exaggerated." 
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where  the  period  of  a  particle  would  be  exactly  one- half  that  of  Mimas  and  it  happens  also  that  relations 
of  a  similar  character  with  the  periods  of  certain  of  the  other  satellites,  are  also  found  near  this  distance. 

The  theory  is  that  any  particle  that  happened  to  be  in  that  place,  or  that  managed  somehow  to 
get  there,  could  not  stay  there  but  would  be  pushed  either  inwards  or  outwards.  There  would  result 
therefore  a  space  which  was  continually  being  swept  clear  of  particles.  The  theory  is  attractive,  but 
the  problem  of  motion  of 
bodies  under  such  circumstances 
is  exceedingly  complicated  and 
"  Kirkwood's  Law  "  as  applied 
to  the  ring  system  of  Saturn 
cannot  be  said  to  be  definitely 
established  as  a  complete  or 
sufficient  explanation  of  the 
phenomena.  Other  dynamical 
hypotheses  have  recently  been 
advanced  to  account  for  the 
same  phenomena. 

If  we  look  at  any  of  the 
illustrations  of  Saturn,  we  shall 
see  that  the  planet  casts  its 
shadow  on  the  ring  and  some 
of  them  show  the  shadow  cast 
by  the  ring  on  the  planet. 
These  shadows  greatly  add  to 
the  beauty  of  the  planet  as  seen 
in  the  telescope.  Since  the 
Earth  is  never  very  far  out 
of  the  line  joining  the  Sun  and 
Saturn,  these  shadows  are, 
generally  speaking,  almost  en- 
tirely hidden  by  the  object 
casting  them.  We  are,  how- 
ever, usually  in  a  position  to 
see  one  edge  or  the  other  of  the 
shadow  of  the  ball  on  the  ring, 
and  it  is  so  seen  in  all  but  one 
of  our  illustrations.  The  out- 
line of  this  shadow  often  shows 
curious  irregularities,which  have 
been  considered  by  some  to 
indicate  that  the  surface  of  the 
rings  is  not  flat.  It  is  probable, 
however,  that  these  irregu- 
larities are  not  real  and  that  they 
can  be  explained  as  optical 
effects  due  to  the  differences  in 
brightness  of  the  different  re- 
gions of  the  ring  and  of  the 
limb  of  the  planet.  .  Even  the 
photographic      plate      is      not 


By  permission  of  R.A.S.i  [/i.  E,  Barnard, 

SATURN  XIv-\R  THE  DATE  OK  "  DISAPPEARANCE  "  OF  THE  RINGS. 
Drawing  made  at  the  Yerkes  telescope  November  25,  1907,  the  unilluminatcd  face 
of  the  ring  being  presented  to  the  Earth.  Two  bright  patches  (seen  also  in  Dr. 
Steavenson's  drawing)  appear  on  each  side  of  the  planet.  The  lower  diagram  shows 
that  these  patches  correspond  in  position  with  tlie  Cassini  Division  and  the  crape 
ring.  They  are  probably  due  to  the  bright  illumination  of  particles  lying  in  or  near 
to  these  thin  places  in  the  ring  system. 
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immune  from  those  illusive  effects.  It  will  be  noticed  from  a  study  of  Professor  Barnard's  photograph 
and  the  drawing  made  from  it  that  there  seems  to  be  a  peaked  shadow  visible  on  both  sides  of  the 
planet  at  once  which  is,  of  course,  geometrically  impossible.  This  photographic  effect  is  not  difficult 
of  explanation,  and  it  is  indeed  quite  analogous  to  the  similar  effect  produced  on  the  eye. 

With  regard  to  the  ring  shadow,  we  would  expect  to  see  sometimes  that  of  the  outer  edge  of  the 
system,  and  sometimes  that  of  the  inner  edge.  As  a  matter  of  fact,  it  is  as  a  rule  only  the  former, 
the  shadow  of  the  outer  edge  of  ring  A,  that  we  sec.    That  of  the  inner  edge  of  ring  B,  when  one 

might  expect  it  to  be  visible,  is  confused 
with  the  trace  of  the  crape  ring  across  the 
planet.  The  crape  ring  itself  casts  no  per- 
ceptible shadow.  The  fact  that  the  shadow 
of  ring  A  when  visible  appears  black  may  be 
thought  inconsistent  with  what  has  been 
stated  about  the  diaphanous  nature  of  the 
rings — but  there  is  no  doubt  as  to  the  latter 
fact,  and  the  blackness  of  the  shadow  must 
be  attributed  to  contrast.  At  certain  times 
near  the  "  disappearance  "  of  the  rings,  when 
they  are  seen  edgewise,  the  shadow  of  the 
whole  ring  sj'stem  can  be  seen  clear  of  the 
ring  itself,  crossing  the  planet  near  its 
equator  as  a  fine  black  line. 

Over  large  regions  of  the  planet  the  Sun 
suffers  eclipse  by  the  ring  for  months  or 
even  years  at  a  time  and  some  commiseration 
has  been  wasted  on  the  non-existent  inhabi- 
tants of  the  probably  non-existent  solid 
surface  of  Saturn  who  may  be  supposed  to 
dwell  in  those  regions.  Owing  to  the  tians- 
parency  of  the  rings,  it  seems,  however, 
that  the  Sun  would  shine  through  the 
densest  part  of  the  system  with  but  little 
diminution  of  light. 

Why  has  Saturn  a  ring,  alone  among  the 
heavenly  bodies  within  reach  of  our  tele- 
scopes ?  Here  is  another  question  to  which 
no  answer  in  the  least  satisfactory  has  ever 
been  given.  It  was  shown  about  the  year 
1848  by  Roche,  a  French  mathematical 
professor,  that  within  a  certain  distance  from 
any  planet  (which  distance,  in  the  case  of 
Saturn,  corresponds  pretty  nearly  to  the 
outside  circumference  of  the  ring  system)  no 
considerable  satellite  can  exist,  because  it 
must  be  disrupted  by  the  strains  to  which  it  is  subjected.  But  this  negative  fact  gets  us  no  nearer 
to  the  answer  to  the  positive  question  :  Why,  in  the  case  of  Saturn,  is  the  space  that  no  satellite  can 
occupy,  filled  by  a  ring  ? 

Perhaps  the  phenomenon  may  not  be  so  rare  as  it  seems  to  us.  After  all,  we  only  know  of  four 
bodies  (Saturn  included)  which  have  physical  characteristics  in  the  least  like  those  of  the  ringed 
planet.    Jupiter,  Saturn,  Uranus,  and  Neptune  form  a  class  by  themselves  for  size,  lightness  of  texture. 


By  kintt  permission  u/j  [i/x!  "  Observatory  Magazine." 

PROFESSOR  E.  E.  BARNARD. 
A  great  planetary  observer,  besides  having  carried  out  magnificent 
practical  work  in  other  fields  <if  astronomy.  His  princijial  visual 
observations  were  made  with  the  world's  greatest  refractors,  the 
thirty-sixinch  at  I.ick  and  the  forty-inch  at  Verkcs.  Many  of 
the  illustrations  of  this  work  arc  copies  of  his  photographs  or 
drawings.     He  died  February  6,  1923. 


THE  RING  AS  SEEN  FROM  SATURN. 
Two  imaginary  views  of  the  rings  as  they  would  appear  from  the  surface  of  Saturn,  about  midnight,  at  different  seasons. 
The  upper  drawing  corresponds  with  the  season  shown  on  the  bird's-eye  view  (see  page  375).      The  surface  of   Saturn  is 
represented  as  a  sea  of  clouds.      From  large  polar  zones  of  Saturn  no  part  of  the  ring  system  can  ever  be  seen.     Probably,  if  we 
could  transport  ourselves  to  the  view  point  of  these  sketches,  the  outlines  of  the  ring  would  be  nothing  like  so  hard  as  they  are 

here  represented. 
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and  rapid  rotation.  Compared  with 
the  other  members  of  the  Solar 
System  they  are  swollen  bladders. 
The  satellites  of  these  planets,  too, 
seem  to  be  made  of  something 
different  from  earth  stuff,  they  are 
abnormally  white  and  abnormally 
light  of  substance.  Planets  and 
satellites  alike  present  seeming 
paradoxes — the  ring  that  one  of 
them  has  is  hardly  a  greater 
paradox.  We  can  see  millions  of 
stars,  hundreds  of  thousands  of 
nebulae,  hundreds  of  small  planets, 
but  only  four  bodies  like  Saturn 
and,  except  in  the  possible  case  of 
an  extra  Neptunian  planet,  it  does 
not  seem  very  likely  that  we  ever 
shall  see  any  more.  One  cannot 
but  feel  that  a  satisfactory  physical 
theory  that  would  account  for  the 
peculiarities  of  Saturn  and  his 
satellites  and  particularly  for  his 
ring  would  be  a  great  step  towards 
the  understanding  of  the  cosmo- 
gony and  course  of  evolution  of 
the  Solar  System. 


BIRD'S-EYE  VIEW  OF  SATURN  AND  RINGS. 

A  view  of  the  planet  and  ring  system  as  seen  from  a  point  immediately  over  one 

of  its  poles.     The  shadow  of  the  planet  on  the  ring  is  delineated  as  it  would  appear 

about  a  year  before  or  after  the  summer  solstice  of  the  hemisphere  shown, 

the  ring  as  seen  from  the  Earth  being  nearly  at  its  maximum  opening. 


CHAPTER    IX. 
THE  FRONTIERS  OF  THE  SOLAR  SYSTEM. 
By  Rev.  T.  E.  R.  Phillips,  M.A.,  F.R.A.S. 

DOWN  to  the  latter  part  of  the  Eighteenth  Century  Saturn  was  supposed  to  be  the  most  distant 
of  the  planets,  and,  if  we  neglect  the  comets,  its  orbit  marked  the  frontiers  of  the  territory 
over  which  the  Sun's  sway  was  known  to  extend.  Strictly  speaking  we  cannot  thus  treat 
the  comets,  as  there  is  reason  to  suppose  that  they  may,  so  far  from  being  mere  visitors  who  have 
come  to  us  from  more  distant  parts  of  space,  be  just  as  truly  members  of  our  Solar  System  as  the  planets. 
They  will,  however,  be  dealt  with  in  the  following  chapter,  and  we  shall  now  limit  our  attention  to 
the  boundaries  of  the  Sun's  system  of  attendant  planets. 

As  above  stated  the  ancients  and,  indeed,  astronomers  generally  down  to  well  within  a  century 
and  a  half  ago,  knew  of  no  planet  more  distant  than  Saturn,  which  revolves  round  the  Sun  at  a 
distance  of  about  886  million  miles.  Indeed,  the  discovery  of  another  planet  outside  the  orbit  of 
Saturn  was  so  little  anticipated  that  when  a  strange  body  was  found  by  William  Herschel  in  1781, 
it  was  at  first  announced  that  he  had  discovered  a  new  comet !  When,  however,  it  was  demonstrated 
to  be  a  planet,  the  discovery  was  naturally  hailed  as  one  of  startling  character  and  of  prime  importance. 
It  was  in  science  what  the  discovery  of  America  was  in  the  affairs  of  the  old  world  ;  indeed,  it  rather 
more  than  quadrupled  the  area  covered  by  the  Sun's  planetary  dominions  regarded  as  a  plane  ;  and 
in  recognition  of  the  discovery  Herschel  received  Knighthood  and  a  pension  from  His  Majesty  King 
George  the  Third. 
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Probably  some  of  Herschel's  other  achievements  are  to  be  regarded  as  of  even  greater  intrinsic 
importance  than  this  one — we  shall  see  later  that  he  laid  the  foundations  of  various  departments  of 
astronomical  research  which  in  recent  years  have  been  astonishingly  fruitful — but  the  discovery  of 
a  new  planet  was  one  which  appealed  in  a  unique  way  to  men's  imagination.  It  was  a  thing  without 
a  parallel  in  historic  times. 

It  was  on  the  night  of  JIarch  13,  1781,  when  Herschel  was  making  observations  at  Bath  with  a 
seven-inch  reflecting  telescope,  that  a  suspicious  looking  object  passed  through  the  field  of  his 
telescope.  Any  ordinary  observer  would  have  taken  it  for  just  a  star  and  let  it  go,  as  had  indeed 
been  done  several  times  in  the  case  of  this  very  object  before,  but  not  so  Herschel!    He  was  using 

at  the  time,  he  tells  us,  a 
magnifying  power  of  227  dia- 
meters ;  and  he  recognised  at 
once  that,  whereas  the  "  fixed  " 
stars  app)ear  almost  as  points  of 
light,  this  object  had  a  per- 
ceptible disc.  After  applying 
much  higher  powers  and  finding 
that  its  diameter  apj>eared  pro- 
portionately increased,  he  came 
to  the  conclusion  that  it  could 
not  be  a  star  ;  and  in  the  fol- 
lowing words,  taken  from  hii 
statement  which  was  com- 
municated to  the  Royal  Society, 
he  announced  his  discovery  of 
a  supposed  comet :  "  On  Tues- 
day, the  13th  of  March,  be- 
tween ten  and  eleven  in  the 
evening,  while  I  was  examining 
the  small  stars  in  the  neigh- 
bourhood of  H  Geminorum,  I 
perceived  one  that  appeared 
visibly  larger  than  the  rest  ; 
being  struck  with  its  uncommon 
magnitude,  I  compared  it  to  H 
Geminorum  and  the  small  star 
in  the  quartile  between  Auriga 
and  Gemini,  and  finding  it  to 
be  so  much  larger  than  either 
of  them  suspected  it  to  be  a 
comet." 

So  little,  indeed,  was  such  a 
thing  as  the  discovery  of  a  new 
planet  anticipated,  that  some 
time  elapsed  before  its  real 
nature  was  even  suspected,  and 
""^^  HERSCHEL'S  HOUSE  AT  BATH.        ''-'■  ""*"'''"'*•       ^^veral  months   passed  before 

It  was  from  the  back  garden  of  this  house  "(the  one  withjthe  fiying  curtains)  that  it  waS  established  that  what 
Herschel  discovered  Urauus  with  one  of  his  home-made  seven-inch  reflectors  on  HerSchel  had  discovered  was  a 
March  13,  1781.    A  tablet  commemorating  the  event  can  be  seen  affixed  to  the  front 

of  the  house.  hitherto  unknown  worldrevolv- 
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ing  round  the  Sun  outside  the  orbit  of  Saturn  and  at  about  twice  the  distance  of  that  body.  Naturally, 
Herschel  felt  that  to  him  belonged  the  right  of  naming  the  new  planet,  and  in  a  letter  to  Sir  W.  Banks, 
President  of  the  Royal  Society,  he  gaye  it  the  name  "  Georgium  Sidus  "  (the  Georgian  Star)  in  honour 
of  his  foyal  patron.  Some  confusion  followed.  The  French  astronomer,  Lalande,  proposed  the 
name  Herschel,  and  this  appellation  was  adopted  for  some  years  in  France  and  even  in  England,  while 
Bode,  returning  to  classical  usage,  suggested  the  name  Uranus — that  of  the  oldest  of  the  gods — as  being 
most  suitable.  In  the  English  Nautical  Almanack  the  planet  was  styled  The  Georgian  between  1791 
and  the  edition  for  1851,  but  from  this  date  onwards  the  name  Uranus  has  been  in  general  use. 

The  mean  distance  of  Uranus  from  the  Sun  is  1,782,800,000  miles,  and  a  revolution  in  its  orbit 
occupies  eighty-four  years.  Its  diameter  is  about  31,000  miles,  and  thanks  partly  to  a  high  albedo, 
even  exceeding  that  of  Jupiter,  it  is  just  visible  to  unaided  vision  under  favourable  conditions, 
notwithstanding  that  it  receives  rather  less  than  ij^-  of  the  light  falling  on  the  Earth. 


URANUS    AND    THE    EARTH. 
The  diameter  of  Uranus  is  nearly  four  times  that  of  the  Earth,  or  dose  on  31,000  miles.    He  is  nineteen  times  as  far  from  the 
S>in  as  the  Earth  is,  so  that  he  receives  about  360  times  less  light.    His  surface,  however,  is  highly  reflective  and  this  fact  helps 
to  make  him  just  visible  to  the  naked  eye  from  the  Earth.    He  takes  eighty-four  years  to  complete  one  circuit  round  the  Sim. 

In  a  powerful  telescope  Uranus  appears  as  a  sea-green,  slightly  flattened  disc  about  four  seconds 
of  arc  in  diameter.  Some  observers  have  recorded  the  appearance  of  faint  bands  or  belts,  and 
especially  a  white  streak  across  the  centre.  A  curious  circumstance,  however,  is  that  these  bands 
have  not  always  been  drawn  in  the  same  direction  ;  whereas  if  they  are  to  be  taken  as 
indicating  the  direction  of  rotation,  they  should  agree  substantially  with  the  plane  of  the  orbits  of 
the  satellites.  The  markings  are,  however,  very  faint,  and  it  is  difficult  to  make  certain  of  the 
precise  details  of  features  only  just  within  the  limit  of  vision.  The  density  of  the  planet,  deduced  from 
the  revolutions  of  the  satellites  and  the  diameter  of  Uranus,  is  very  much  the  same  as  that  of 
Jupiter,  and  the  planet  is  probably  in  a  somewhat  similar  physical  state.  The  spectrum  shows  some 
heavy  dark  bands  cutting  out  much  of  the  red  end,  and  to  this  is  due  the  greenish  colour  of  the  disc. 
The  absorption-bands  may  be  taken  as  indicative  of  a  somewhat  dense  atmosphere,  but  their  exact 
identification  is  perhaps  not  quite  certain. 

Considering  the  practical  difficulty  in  securing  precise  observation  of  an  object  like  Uranus,  we 


378 


Splendour  of  the  Heavens 


need  not  be  surprised  that  there  is  still 
some  uncertainty  about  its  rotation 
period.  Some  years  ago  the  late  Pro- 
fessor Lowell  and  Dr.  Slipher  obtained 
by  spectroscopic  observations,  based  on 
the  Dcippler  principle,  the  value  of  ten 
hours  forty-five  minutes.  Later,  Mr. 
Leon  Campbell,  at  Harvard,  in  making 
photometric  observations  of  Uranus  for 
the  purpose  of  finding  whether  or  not 
any  changes  occurred  in  the  Sun's  Ught 
discovered  variations  in  the  light  of 
Uranus  in  a  period  that  agreed  well  with 
the  result  obtained  by  Lowell  and 
Slipher.  Such  light  variations  might 
easily  be  due  to  inequalities  in  the 
brightness  of  the  planet's  disc,  caused, 
perhaps,  by  an  outbreak  of  spots,  com- 
bined with  axial  rotation,  and  it  is 
probable  that  the  results  obtained  are 
very  nearly  correct. 

The  satellites  are  four  in  number, 
and  bear  the  names  Ariel,  Umbriel, 
Titania,  and  Oberon,  Ariel  being  the 
nearest  to  the  planet.  Sir  William 
Herschel  discovered  Oberon  and  Titania 
a  few  years  after  his  discovery  of 
Uranus.  Ariel  and  Umbriel  were  discovered  by  Lassell,  in  1851.  They  are  exceedingly  small  and 
faint.  But  the  most  interesting  point  in  connection  with  the  satellites  is  the  inclination  of  the  plane 
in  which  they  revolve.  Reckoned  in  the  usual  way,  this  is  more  than  a  right  angle — actually  97°"8 — so 
that  projected  on  the  plane  of  the  ecliptic  the  motion  is  retrograde. 


Drawtng byi  [W.  B.  Sleavenson. 

URANUS. 
Uranus  appears  as  a  very  small  disc  even  in  a  large  telescope,  so  that  little 
detail  can  be  made  out  on  his  surface.  Faint  markings,  however,  apparently 
resembling  those  of  Jupiter  and  Saturn,  have  occasionally  been  seen. 
The  above  drawing  was  made  under  good  conditions  with  a  ten-inch 
telescope,  in  September,  1915.  It  shows  a  broad  white  zone  between 
two  dusky  belts. 


Drawings  by  [X.  L.   Waterfitld. 

MARKINGS    ON    URANUS. 
The  above  drawings,  made  with  a  ten-inch  refractor  and  powers  from  500  to  700,  show  how  the  bright  central  stripe,  or  zone, 
occasionally  observed  on  Uranus,  appears  to  change  its  position  on  the  disc.    In  the  first  two  views  (1915,  September  6  and  7), 
it  appeared  to  be  parallel  in  direction  to  the  plane  of  the  satellite  orbits,  but  in  the  third  (1916,  September  9)  it  seemed  to  be 

inclined  to  them  as  nmch  as  twenty-five  to  thirty  degrees. 
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As  already  stated,  the  area  known  to  be  covered  by  the  planetary  system  was  greatly  extended 
by  William  Herschel's  discover}'  of  Uranus,  but  we  now  have  to  consider  the  remarkable  and  thrilling 
story  of  a  yet  further  extension  of  the  boundaries  of  that  system.  In  many  respects  the  discovery 
to  be  recounted  was  of  a  totally  different  character  from  that  of  Uranus.  It  depended  primarily, 
not  on  the  acute  vision  of  a  skilful  observer — indeed,  the  part  played  in  it  by  the  telescope  was 
entirely  a  subordinate  one — nor  did  chance  or  good  fortune  have  very  much  to  do  with  it  except, 
perhaps,  in  the  final  stages,  but  it  was  more  than  anything  else  a  triumph  of  mathematical  reasoning. 

It  has  been  already  stated  that,  before  Uranus  travelled  across  the  field  of  Herschel's  telescope 
and  was  at  once  recognised  by  him  as  something  different  from  a  star,  it  had  been  observed  and 
recorded,  without,  however,  anything  unusual  being  noted.  Nearly  a  century  earlier,  viz.,  in  1690, 
as  well  as  in  1712  and  1715,  Flamsteed,  the  first  Astronomer  Royal,  had  observed  it  and  determined 
its  position.  Later,  it  was  observed  by  Le  Monnier,  Bradley  and  Mayer — all  of  them  good  observers. 
These  men  had,  accordingly,  had  the  opportunity  of  making  a  starthng  discovery.     The  prize  had 


FIGURE   OF   THE    GI,OBE    OF   URANUS. 
Uranus,  like  Jupiter  and  Saturn,  is  appreciably  flattened  at  its  poles  and  is  an  oblate  spheroid.     This  is  due  to  rapid  rotation 
on  his  axis,  the  period  of  which  is  about  ten  and  three-quarter  hours.     This  flattening  of  the  poles  is  not  always  visible  from 
the  Earth.    Thus,  in  the  first  of  the  figures  above,  the  planet's  axis  is  pointing  nearly  towards  us,  and  his  outline  consequently 

appears  all  but  circular. 

actually  been  within  their  hands,  but  they  had  let  it  go ;    they  had  missed  their  chance ;  and  it  was 
reserved  for  the  acutencss  of  Herschel  to  gather  what  they  had  lost  ! 

But  the  older  determinations  of  position  were  of  value  nevertheless.  When  the  planetary  nature 
of  the  new  object  was  established  it  was  at  once  fecognised  that  they  should  enable  the  "  elements  " 
of  its  orbit  to  be  derived  with  great  accuracy.  It  is  obviously  easier  to  find  the  dimensions  of  a  circle 
from  a  large  arc  of  its  circumference  than  from  a  very  small  one,  and  similarly  it  was  felt  that  the 
arc  of  the  orbit  of  Uranus  traversed  since  Flamsteed's  first  observation  ought  to  give  the  elements 
of  its  elliptical  path  with  great  exactness.  The  orbit  was  accordingly  worked  out  with  much  care, 
but  it  was  found  impossible  to  fit  all  the  observations  with  the  degree  of  accuracy  expected.  And 
however  the  elements  were  varied  so  as  to  make  the  discrepancies  between  theory  and  observation 
as  small  as  possible,  the  planet  soon  began  to  wander  awp.y  from  the  track  predicted  for  it.  As  a 
matter  of  fact,  so  hopeless  did  the  problem  gradually  become  that  when  drawing  up  fresh  tables  in 
1820  Alexis  Bouvard  discarded  the  older  observations  altogether,  and  based  his  computations  solely 
on  observations  of  the  planet's  position  obtained  since  its  discovery  by  Herschel.     As  we  now  know. 
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the  discrepancies  were  by  no  means  wholly  due  to  inaccuracies  in  the  old  observations  and  it  was  soon 
found  that  the  planet  was  wandering  away  even  from  the  new  path  that  was  laid  down  for  it.  It 
is  true  that  the  errors,  as  judged  by  ordinary  standards,  were  small ;  indeed,  such  as  would  be  quite 
imperceptible  to  the  naked  eye  even  after  the  lapse  of  some  years,  but  by  1844  the  discrepancy  had 
increased  to  two  minutes  of  arc,  i.e.,  about  one-sixteenth  of  the  Moon's  apparent  diameter,  or  about 
two  and  a  half  times  the  diameter  of  Jupiter  at  opposition— an  error  much  in  excess  of  anything  that 
might  have  been  expected.  Of  course,  every  allowance  was  made  for  the  disturbing  effect  of  the 
other  planets,  especially  Jupiter  and  Saturn.  As  already  explained  in  earlier  chapters,  the  various 
bodies  of  the  Solar  System,  in  accordance  with  Newton's  Law  of  Gravitation,  mutually  perturb  one 
another,  and  some  of  these  perturbations  are  considerable.  After,  however,  making  full  allowance 
for  all  such  known  effects,  the  outstanding  discrepancies  referred  to  still  remained  to  be  accounted 

for,  and  the  idea  gradually  took 
shape  that  they  might  be  ex- 
plained on  the  hypothesis  of  some 
as  yet  vmknown  planet,  still  more 
distant  than  Uranus,  disturbing 
the  motion  of  the  latter. 

The  inverse  problem  of  finding 
the  disturbing  body  from  the 
observed  perturbations  was  a 
difficult  one.  It  required  mathe- 
matical skill  of  a  high  order  as  well 
as  an  accurate  series  of  observa- 
tions for  its  solution.  The  latter 
were  fortunately  available,  and 
shortly  before  the  middle  of  the 
last  century  two  young  men,  quite 
independently  and  quite  unknown 
to  each  other,  resolved  to  attack 
the  problem. 

One  of  these  was  J.  C.  Adams, 
of  St.  John's  College,  Cambridge, 
and  it  is  recorded  in  a  memo- 
randum left  by  him  that  in  the 
summer  of  1841  he  "  formed  a 
design  to  investigate,  as  soon  as 
he  had  taken  his  degree,  the 
irregularities  in  the  motion  of 
Uranus  which  were  as  yet  tm- 
accounted  for  in  order  to  find  whether  they  might  be  attributed  to  the  action  of  an  undiscovered 
planet  beyond  it,  and,  if  possible,  thence  to  determine  the  elements  of  its  orbit,  etc.,  approximately, 
which  would  probably  lead  to  its  discovery."  This  resolve  Adams  carried  out.  His  first  solution 
was  obtained  in  the  long  vacation  of  1843,  and  several  others  followed,  so  earnestly  and  enthusiastically 
did  he  labour  at  the  problem  he  had  taken  up.  In  September,  1845,  at  the  instigation  of  Professor 
Challis,  of  Cambridge,  he  called  at  the  Royal  Observatory,  Greenwich,  to  see  Airy,  the  Astronomer 
Royal.  Unfortunately,  Airy  was  not  at  home.  He  called  again  a  few  weeks  later,  and  once  more 
missed  seeing  him.  This  time,  it  seems,  Airy  was  at  home  but  at  dinner,  and  the  butler,  unwilling  that 
his  master  should  be  disturbed,  sent  Adams  away.  The  latter  did,  however,  leave  a  paper  containing 
the  elements  he  had  derived  for  the  supposed  disturbing  planet  outside  Uranus,  and  other  details. 
This  communication  Airy  acknowledged  by  letter  and  at  the  same  time  asked  a  question  which 


From  '^Astronomy  for  AU."\  [By  permnsion  of  Messrs.  CasseU  6-  Co.,  Ltd. 

THE  SATEHITES  OF  URANUS. 
Uranus  is  attended  by  at  least  four  satellites,  and  more  have  been  suspected. 
The  four  definitely  known  are,  from  the  planet  outwards,  named  Ariel,  Umbriel, 
Titania,  and  Oberon.  They  are  among  the  faintest  objects  known  to  us  in  the 
Solar  System  and  require  a  very  large  telescope  for  their  successful  observation. 
They  appear  as  mere  points  of  light  at  such  an  enormous  distance. 
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From  "  Astronomy  for  All."^  [By  permission  of  Messrs.  Cassell  &  Co.,  Ltd. 

AXES  OF  URAXUS  AND  THE  EARTH. 
Uranus  travels  round  the  Sun  with  his  axis  of  rotation  lying  almost  in  the  plane  of 
his  orbit.  In  the  case  of  the  Earth  the  two  make  an  angle  of  sixty-seven-and-a-half 
degrees.  The  figure  above  shows  also  (but  not  to  scale)  the  relation  of  the  satellit  e 
orbits  to  the  axes  of  the  two  planets.  In  the  case  of  Uranus  the  tilt  of  the  axis  is 
so  excessive  (more  than  ninety  degrees)  that  the  satellites  appear  to  revolve  in  the 

retrograde  direction. 


he  then  considered  a  crucial 
one,  viz.,  whether  the  assumed 
perturbation  would  explain  the 
considerable  error  in  the  radius 
vector  of  Uranus.  Unfortun- 
ately, Adams  made  no  reply  to 
this  question.  He  was  natural!}- 
of  a  shy  and  diffident  disposi- 
tion ;  he  was  disappointed  at 
his  failures  to  see  Airy,  and 
probably,  too,  at  what  he  may 
well  have  considered  the  latter's 
lack  of  confidence  in  him,  if  not 
indifference  to  the  results  he 
had  obtained.  Indeed,  the 
answer  to  the  question  seemed 

to  Adams  so  obvious  that  he  perhaps  thought  Airy  was  merely  trying  to  evade  the  matter  altogether. 

Anyhow  he  sent  no  reply,  and  Airy  for  the  time  being  took  no  further  action  in  regard  to  the  problem. 
Meanwhile,  the  unexplained  irregularities  in  the  motion  of  Uranus  had  attracted  the  attention 

of  the  young  French  astronomer  and  mathematician,  U.  J.  J.  Le  Verrier,  who  in  the  summer  of  1846 

communicated  three  important  papers  to  the  French  Academy  dealing  with  the  problem,  and  in  the 

last  of  these  he  expressed  his  belief  that  the  planet  could  be  recognised  by  its  disc.     On  seeing  his 

preliminary  figures  Airj-  was  so  struck  by  the  general  resemblance  which  they  bore  to  those  deduced 

earlier  by  Adams  that  he  considered  the  time  had  arrived  when  a  diligent  telescopic  search  should 

be  made  for  the  disturbing  planet.    As  an  illustration  of  the  growing  interest  in  the  problem,  it  may 

be  mentioned  that  on  September  10  of  the 

same  year,  at  the  meeting  of  the  British 

Association,  held  at  Southampton,  Sir  John 

Herschel  remarked  :    "  We  see  it  {i.e.,  the 

planet)  as  Columbus  saw  America  from  the 

shores  of  Spain.    Its  movements  have  been 

felt  trembling  along  the  far-reaching  hue  of 

our  analysis  with  a  certainty  hardly  inferior 

to   that   of   ocular   demonstration."     How 

near  at  hand  that  ocular  demonstration  was 

the  sequel  shows.     But   to  return  to  our 

story  :  Airy  supposed  that  a  large  telescope 

would  be  required  to  re\eal  the  planet,  and 

in  the  belief  that  there  was  no  instrument 

at  Greenwich  adequate  for  the  purpose,  he 

asked   Challis    to   search   for   it   with    the 

Northumberland  telescope  at  Cambridge,  of 

which  the  object  glass  has  a  diameter  of 

eleven  and  a  half  inches.     Challis  agreed  to 

do  so,  but  as  he  had  no  chart  of  that  part 

of  the  sky  available  he  adopted  the  slow  and 

laborious  method  of  determining  carefully 

the  positions  of  the  stars  in  that  region  down 

to  the  tenth  or  eleventh  magnitude,  and 

repeating  the  observations  again  and  again 


THE  "VVlih"  OF  NEPTUNE  ON  URANUS. 
The  observed  fact  that  Uranus  appeared  to  be  accelerated  in  his 
orbit  up  to  1822  and  thereafter  retarded  led  to  the  deduction  that 
the  gravitationed  "  pull  "  of  an  exterior  planet  was  responsible. 
The  diagram  represents  the  relative  positions  of  the  two  planets 
at  different  times,  as  calculated  badsward  after  the  actual  discovery 
of  the  disturbing  planet,  Neptune. 
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in  the  knowledge  that  if  the  planet  were  in  the  field  it 
would  betray  itself  by  its  motion. 

While  Challis  was  thus  engaged,  Le  Verrier  sent  his  final 
results  to  Dr.  Galle,  at  Berlin,  who  on  September  23,  1846, 
received  his  letter  requesting  him  to  direct  his  telescope 
to  a  point  on  the  ecliptic  in  the  Constellation  Aquarius 
in  about  longitude  326°,  where  he  might  expect  to  find 
the  new  planet.  It  so  happened  that  Galle  had  ready  to 
hand  a  map  by  Bremiker  of  that  region  of  the  sky,  and 
that  very  evening  a  comparison  of  the  stars  in  the  sky 
with  the  stars  on  the  map  revealed  the  looked-for  stranger  ! 

It  thus  happened  that  the  credit  for  the  discovery  of 
the  new  planet  went  to  Le  Verrier  and  Galle,  notwithstand- 
ing the  fact  that  Adams  was  the  first  to  carry  through  the 
mathematical  part  of  the  work.  The  circumstances  were 
such,  however,  as  naturally  to  provide  the  occasion  for 
controversy,  and  much  heated  argument  ensued.  On  the 
one  hand,  there  were  those  partisans  of  Le  Verrier  who 
were  greatly  annoyed  when  claims  were  put  forward  on 
behalf  of  Adams,  and  on  the  other,  some  of  the  supporters 


From"  Astronomy  for  AIL"  ]     [liy  pcrmtision  of  Messrs.  CusscU  •■  

U.   J.   J.  I,E  VERRIER. 

Working  in  complete  independence  I<e  Verrier  arrived  at  a  result 
altnost  identical  with  that  already  reached  by  Adams.  It  was 
the  news  that  tlic  great  French  mathematician  was  working  at 
the  same  problem  that  caused,  too  late,  a  revival  of  interest  in 
the  work  of  Adams  and  a  desire  to  verify  his  results. 


I 

By  permission  of]  [Messrs.  Macmitlan  &  Co, 

JOHN  COUCH  ADAMS. 
A  portrait,  taken  in  later  life,  of  the  young 
Cambridge  mathematician  who,  working  on  the 
perturbations  of  Uranus,  anticipated  Le  Verrier  in 
arriving  at  a  solution  of  the  problem.  Unfortun- 
ately, a  combination  of  circumstances  delayed 
the  verification  of  his  result,  which  was  afterwards 
shown  to  be  very  near  the  truth. 

of  Adams  could  scarcely  find  language  strong 
enough  to  express  their  feelings  about  Airy  and 
Challis,  especially  the  former.  As  a  matter  of 
fact,  if  Challis  had  only  compared  the  observa- 
tions he  had  already  made  in  the  first  half  of 
August  the  prize  would  have  been  won  for 
English  Astronomy,  for  twice — on  August  4 
and  again  on  August  12 — he  had  observed  and 
recorded  the  position  of  the  object,  and  its 
motion  between  the  two  dates,  had  he  noticed 
it,  would  have  disclosed  to  him  its  planetary 
nature  ! 

Looking  back  on  this  remarkable  story  from 
a  distance  it  is  easier,  perhaps,  for  us  to  form 
a  just  judgment  on  the  events  of  that  time  than 
was  possible  for  those  immediately  interested 
in  them.  No  doubt  Airy  can  hardly  be 
regarded  as  wholly  free  from  blame.  He  might 
have  been  expected,  despite  the  many  and 
constant  calls  on  the  time  of  one  holding  his 
position,  to  have  shown  more  sympathetic 
intei'est  in  the  work  of  Adams,  and  it  seems 
certain  that  his  seeming  coldness  caused  Adams 
to  refrain  from  further  communication  with 
him.  Challis  has  been  greatly  blamed  for  in- 
competency. It  has  been  pointed  out  that  he 
should  have  been  able  to  deal  with  the  matter 
himself  without  sending  Adams  to  Airy  at  all. 
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But  Adams  himself  made  a  mistake.  He  apparently  suffered  from  too  sensitive  and  retiring  a  nature, 
and  he  ought  certainly  to  have  replied  to  the  Astronomer  Royal's  question  about  the  error  of  the 
radius  vector.  Indeed,  it  is  only  fair  to  mention  here  that  after  the  appearance  of  his  first  paper  to 
the  French  Academy,  Airy  had  put  the  same  question  to  Le  Verrier  who  sent  him  a  reply  during  the 
next  few  days. 

Of  course,  the  failure  of  ChalUs  to  compare  his  August  observations  was  a  misfortune  that 
was  quite  in  keeping  with  Adams's  inability  earlier  to  get  into  touch  with  Airy  on  the  occasions 
when  he  called  on  him  at  Greenwich.  It  was,  then,  as  the  result  of  many  contributory  causes  that 
England  in  general  and  Cambridge  in  particular  lost  the  technical  honour  associated  with  the  discovery 
of  the  new  planet.  On  the  other  hand,  Le  Verrier  was  able  to  carry  through  his  work  to  its  final 
conclusion  without  any  of  the  difficnlties 


and  obstacles  which  hindered  Adams. 
Perhaps  we  may  go  so  far  as  to  say  that 
it  was  a  piece  of  great  good  luck  that 
when  Le  Verrier's  letter  arrived  Galle 
had  a  map  of  the  particular  region  of  the 
sky  indicated  and,  further,  that  the 
planet  should  have  been  just  within  that 
area.  Actually,  it  was  situated  in  a  part 
of  the  sky  which  came  in  the  lower  left- 
hand  comer  of  the  map.  It  might  so 
easily  have  been  outside  it  altogether  ! 

It  is,  perhaps,  needless  to  say  that 
the  two  great  men  specially  concerned 
took  no  part  in  the  heated  controversy 
that  was  aroused.  We  can  imagine  that 
Adams's  disappointment  at  the  unto- 
ward course  of  events  must  have  been 
very  great,  but  he  always  spoke  in  the 
warmest  terms  of  the  great  ability  and 
wonderful  achievements  of  Le  Verrier. 
After  all,  really  great  men  may  well  be 
indifferent  to  the  measure  of  praise  and 
honour  accorded  them  ;  since  the  thing 
that  really  matters  in  the  history  of  man's 
progress  is  that  discoveries  should  be 
made  ;  by  whom  they  are  made  is  a 
matter  of  secondary  importance,  and, 
moreover,  though  mutual  jealousies  and 


JOHANN    GOTTFRIED    GAtl^E. 
Galle  was  the  first  astronomer  to  observe  Neptune  with  the  knowledge 
that   it  was  a  planet.      The   probable  position  of  the  latter  was  given 
by  I<e  Verrier,  and  Galle,  aided  by  a  large  telescope  and  a  good  star-chart, 
was  able  to  identify  the  planet  on  the  very  first  night  of   his  search. 


the  purely  personal  element  in  scientific  work  may  sometimes  distort  contemporary  judgment,  the 
verdict  of  posterity  is  apt  to  be  sound,  and  in  this  case  the  scientific  world  now  accords  equal 
honour  to  the  brilliant  Frenchman  and  the  equally  deserving,  though  less  fortunate,  Enghshman, 
who  independently  accomplished  so  magnificent  a  piece  of  work. 

In  concluding  this  sketch  of  a  very  striking  episode  in  the  history  of  Astronomy  it  is  only  fair  to 
point  out  that  the  actual  orbit  of  the  new  planet — now  known  as  Neptune — is  very  different  from 
that  assigned  to  it  by  either  Le  Verrier  or  Adams.  Of  course,  some  assumptions  had  to  be  made  in 
work  of  this  sort,  and  both  investigators  assumed  the  distance  of  the  disturbing  body  to  be  about 
twice  that  of  Uranus  from  the  Sun,  as  suggested  by  Bode's  law.  As  it  happens,  this  assumption, 
which  was  a  perfectly  natural  and  justifiable  one  in  the  face  of  known  facts,  led  them  astray.  The 
value  given  for  the  distance  of  Neptune  by  Bode's  law  is  nearly  thirty-nine  times  the  distance  of 
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NEPTUNE  IDENTIFIED. 
To  the  left  is  a  reduced  copy  of  part  of  the 
chart  used  by  Galle  in  his  search  for  Neptune. 
To  the  right  is  the  same  portion  of  the  sky  as 
he  actually  found  it,  with  Neptune  present  as 
a  "  stranger  "  to  the  region.  The  small  white 
cross  to  the  right  marks  the  place  predicted  by 
I,e  Verrier,  less  than  a  degree  away. 


the  Earth  from  the  Sun,  whereas  the  actual  distance  is  only 

thirty  times.    There  were,  accordingly,  those  who  went  so 

far  as  to  assert  that  the  real  orbit  being  so  different  from  the 

computed  ones,  the  planet  that  was  found  was  not  the  plane 

of  Adams  and  Le  Verrier  at  all,  and  that  its  discovery  was 

due  to  a  mere  coincidence  or  happy  chance.    It  is,  however, 

generally  agreed  that  this  view  of  the  matter  is  not  quite 

fair,  since  the  perturbations  in  the  portion  of  the  orbit 

traversed  since  1690,  when  the  planet  was  first  observed  by 

Flamsteed,    though    obviously   not    capable   of   furnishing 

correct  elements  on  the  primary  assumption  of  Adams  and 

Le  Verrier,  were  nevertheless  of  such  a  nature  as  to  indicate 

the  direction  in  which  the  disturbing  body  should  be  looked 

for.  The  late  Professor  Lowell  has  attributed  the  successful 

result  achieved  to  the  nearness  of  Neptune  and  the  approximate  circularity  of  its  orbit,  and  adds  : 

"  Neptune  turns  out  to  have  been  most  complaisant  and  to  have  assisted  materially  to  its  own  detection." 
Of  Neptune  itself  comparatively  httle  is  known.    Its  mean  distance  from  the  Sun  is  2,793,500,000 

miles,  and  the  time  required  for  a  revolution  in  its  orbit  about  1648  years.    Its  diameter,  according  to 

Barnard,  is  about  33,000  miles,  so  that  it  appears  to  be  slightly  larger  than  Uranus.    Owing  to  its 

distance  no  definite  markings  are  visible  on  its  surface.     It  presents  in  the  telescope  a  greenish  disc, 

about  26  seconds  of  arc  in  diameter,  and  being  no  brighter  than  a  star  of  the  eighth  magnitude,  is 

much  too  faint  to  be  visible  to  the  naked  eye.    As  regards  its  physical  condition,. Neptune  probably  bears 

some  resemblance  to  the  other  large 
planets,  Jupiter,  Saturn,  and  Uranus. 
From  the  periodic  time  of  its  satellite 
taken  in  conjunction  with  the  planet's 
dimensions  we  learn  that  its  density  is 
low,  viz.,  about  the  same  as  that  of 
Jupiter.  There  are  some  very  strong 
absorption  bands  in  the  lower  part  of 
its  spectrum,  similar  to  but  broader  than 
those  of  Uranus.  Progressive  changes 
in  some  of  the  lines  and  in  one  broad 
band  in  the  spectra  of  Jupiter,  Saturn, 
Uranus,  and  Neptune  are  shown  in  the 
photograph  on  page  386.  The  rotation 
period  of  Neptune  is  still  uncertain  ;  but 
in  1883  and  again  in  1915  Maxwell  Hall 
deduced  the  values  seven  hours  fifty- 
five  minutes  ,aQd,  seven  hours  fifty 
minutes  six  seconds  respectively  from 
observations  of  temporary  variations  in 
the  light  of  the  planet  as  compared  with 
that  of  stars  in  the  same  fields.  If  these 
results  are  correct,  it  is  the  shortest 
known  rotation  period  in  the  Solar 
System,  but  the  speed  of  a  point  on  the 
planet's  equator  will  be  only  about  220 
miles  per  minute  as  compared  with  470 
miles   per   minute   in   the   case   of   the 


Drawing  by)  [W.  H.  Steavemon. 

NEPTUNE,  1916. 
Very  little  has  ever  been  seen  on  Neptune's  disc,  which  is  faint  and  minute 
in  all  but  the  largest  telescopes.  Like  Uranus,  the  planet  is  greenish  in 
colour.  Suspicions  of  belts,  and  dusky  shadings  at  the  limbs,  have  been 
obtained  and  a  flattening  of  the  polar  diameter  has  been  measured.  The 
rotation  period  is  still  in  doubt,  but  is  probably  of  the  order  of  eight  to 
twelve  hours,  and  thus  comparable  to  those  of  Uranus,  S;iturn,  and  Jupiter. 
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giant  planet  Jupiter.  So  far  as  is  known,  Neptune  has  but  one  moon.  It  was  discovered  by  Lassell 
within  a  month  of  the  discovery  of  Neptune  by  Galle.  Like  the  outer  satellite  of  Saturn,  the  eighth 
and  ninth  of  Jupiter,  and  the  four  of  Uranus,  it  has  a  retrograde  motion.  The  inclination  of  its  orbit 
to  the  plane  of  the  ecliptic  is  145° "l  or  34°-9.  It  has  been  named  Triton,  but  is  more  often  referred  to 
sirnply  as  the  "  satellite  of  Neptune." 

*  *  *  *  *  *  **  *  *  * 

Is  Neptune  really  the  frontier  planet  of  our  system,  or  are  there  others  still  more  remote  ?    At 


NEPTUNE   AND    THE   EARTH. 

Neptune  and  Uranus  form  a  pair  of  apparently  similar  planets.    The  former  is  slighUy  the  larger  of  the  two,  being  about    ■ 

33,000  miles  in  diameter,  or  four-and-one-fifth  times  the  diameter  of  the  Earth.    The  diagram  above  makes  Neptime  rather 

too  large.     Owing  to  his  great  distance  from  the  Sim  (thirty  times  that  of  the  Earth)  he  appears  as  a  very  dim  object,  only 

visible  in  a  telescope.    He  takes  nearly  165  years  to  revolve  rotmd  the  Sim. 

present  the  question  does  not  admit  of  a  definite  answer.  We  have  already  seen  that  Bode's  law 
breaks  down  at  Neptune.  Does  this  mean  that  there  is  no  other  planet  beyond  it  ?  The  problem 
has  naturally  received  the  attention  of  several  astronomers,  and  it  has  been  approached  from  more 
than  one  direction.  In  the  chapter  on  Jupiter,  and  in  the  chapter  to  follow,  on  Comets,  reference 
will  be  found  to  the  fact  that  in  the  cases  of  comets  known  to  return  to  the  neighbourhood  of  the 
Sun  periodically,  their  aphelia  (i.e.,  the  most  distant  points  in  their  orbits)  lie  close  to  the  orbits  of 
the  larger  planets.  Thus  Jupiter  has  associated  with  him  a  family  of  about  fifty  comets,  Saturn  has 
three,  Uranus  two,  and  Neptune  seven.    It  is  reasonable,  therefore,  to  conclude  that  the  e.Kistence  of  a 
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trans-Neptunian  planet  might  be  revealed  by  the  discovery  of  a  family  of  comets  whose  aphelia  lie 
outside  Neptune's  orbit.  From  an  investigation  based  on  these  lines,  Professor  George  Forbes,  in 
the  year  1880,  concluded  that  such  a  planet  actually  exists,  and  a  subsequent  rediscussion  of  the 
problem,  with  additional  data,  enabled  him  (in  a  paper  communicated  to  the  Royal  Astronomical 
Society  in  December,  1908)  to  confirm  substantially  his  earlier  results.  He  was  led  to  the  conclusion 
that  the  new  planet  is  about  105  times  as  distant  from  the  Sun  as  the  Earth,  or  three  and  a  half  times 
as  remote  as  Neptune,  with  a  period  of  nearly  1,100  years.  The  orbit  plane  of  this  hypothetical 
planet,  however,  is  inclined  to  the  ecliptic,  at  an  extraordinarily  high  angle,  viz.,  52°,  which  is  altogether 
different  from  those  of  the  major  planets,  and  exceeds  by  some  18°  even  that  of  the  minor  planet 
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SPECTR.\    OF    THE    GIANT    PI^ANETS. 
The  spectra  of  all  the  planets  are  similar  to  that  of  the  Sun,  from   which  they  derive  their  light  ;  but  in  the  case  of  Jupiter, 
Saturn,  Uranus,  and    Xeptune  (especially  the  last  two)  there  arc  found,  in  addition  to  the  fine  lines,  several  broad  dark 
bands.    These  must  be  due  to  absorption  by  gases  in  the  atmospheres  of  these  planets,  which   have  not  been  identified 

with  ccrtaintv. 


Pallas  !  But  perhaps  a  high  inclination  in  the  case  of  a  planet  so  remote  is  not  utterly  improbable. 
The  orbits  of  comets  wjiich  come  from  a  great  distance  and  are  possibly  composed  of  outlying 
portions  of  the  original  nebula  of  the  Solar  System,  which  may  well  have  been  spherical,  may  have 
any  inclination,  so  that  a  high  inclination  of  the  orbit  of  an  exceedingly  remote  planet  is  not 
necessarily  at  variance  with  what  might  have  been  expected. 

But  most  of  those  who  have  attacked  the  problem  of  a  trans-Neptunian  planet  have  based  their 
investigations  on  the  perturbations  of  the  orbit  of  Uranus.  It  may  be  asked  :  why  not  make  use 
of  the  perturbations  of  the  orbit  of  Neptune  ?  Obviously,  these  would  be  larger  in  amount,  and 
would  therefore  yield  more  trustworthy  results,  but  unfortunately  Neptune  has  not  yet  been  observed 
over  a  sufficiently  large  arc  of  its  orbit   to  render  the   perturbations  certain.     Computers   have 
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accordingly  been  obliged  to  fall  back  upon 
the  residual  perturbations  of  Uranus,  after 
the  disturbing  effects  of  Neptune — in 
addition  to  those  of  the  other  planets — have 
been  subtracted.  This  is  something  like 
trying  to  find  Neptune  from  the  disturb- 
ances produced  by  it  in  the  orbit  of  Saturn, 
and  the  quantities  available  for  discussion 
are  exceedingly  small.  According  to  the 
late  Dr.  Percival  Lowell,  who  in  1915 
pubHshed  a  detailed  investigation  of  the 
problem  based  on  these  lines,  the  residual 
disturbances  at  no  point  exceeded  4  o  seconds 
of  arc,  as  against  183  seconds  which  Adams 
and  Le  Verrier  had  to  deal  with  in  1845  ! 
Nevertheless,  he  deduced  from  them  con- 
sistent evidence  suggesting  a  planet  moving 
in  an  orbit  with  a  radius  of  about  forty-five 
times  that  of  the  Earth's.  He  assigned  to 
it  a  mass  of  the  order  of  one  fifty-thousandth 
part  of  the  Sun's  mass,  and  predicted  an 
apparent  disc  of  over  one  second  of  arc  in 
diameter.  Amongst  others  who  have 
discussed  this  interesting  problem  are  Todd, 
Lau.  Lee,  W.  H.  Pickering,  and  Gaillot,  and 
between  .some  of  the  results  which  have 
been  deduced  there  is  a  .fair  agreement. 
So  far,  however,  all  attempts  to  discover 
the  supposed  planet  in  the  heavens  have 
failed.  No  doubt,  in  the  course  of  time, 
when  the  interval  since  Neptune's  discovery 
has  become  sufficiently  great,  its  own  orbit 
will  be  studied  for  evidence  of  the  perturbing  action  of  a  possible  planet  yet  more  remote  ;  but 
meanwhile,  despite  the  investigations  referred  to,  the  frontiers  of  the  planetary  system  as  known 
remain  undisturbed.  It  is,  of  cotirse,  quite  likely  that  the  Solar  System  in  its  entirety,  i.e.,  including 
any  trans-Neptunian  planets  which  remain  to  be  discovered,  and  the  comets,  has  a  diameter  which 
exceeds  many  times  that  of  Neptune's  orbit,  and  yet  the  distance  of  its  remotest  parts  is  small 
compared  with  that  separating  the  Sun  from  its  nearest  neighbours  amongst  the  stars.  Indeed,  so 
great  is  this  intervening  space  that  the  solar  beams,  though  travelling  with  a  speed  of  over  186,000 
miles  per  second,  require  years  to  traverse  it.  How  these  distances  are  determined  will  be  explained 
later,  but  meanwhile  it  may  be  of  interest,  in  closing  this  chapter  on  the  Frontiers  of  the  Solar  System, 
to  give  a  simple  illustration  of  the  scale  of  the  system  and  of  the  gap  separating  it  from  the  nearest 
stars.  If  we  take  a  globe  one  foot  in  diameter  to  represent  the  Sun,  a  shot  one-ninth  inch  in  diameter 
at  a  distance  of  thirty-six  yards  will  do  for  the  Earth.  A  small  marble  at  a  distance  of  nearly  1,100 
yards  will  then  serve  for  Neptune,  but  for  the  star  Proxima  Centauri — so  far  as  we  know  the  Sun's 
nearest  neighbour  amongst  the  stars — we  must  obtain  a  small  globe  and  place  it  on  some  spot  no  less 
than  some  5, .300  miles  away  ! 


From  "  J\twivleil^e."\ 

WII,I,IAM  I.ASSEI,!,. 
This  famous  JCnglish  amateur  observed  at  I^iverpool,  with  reflectors 
of  two  aud  four  feet  aperture,  in  the  middle  of  the  Nineteenth  Century. 
His  observations  were  mainly  of  the  fainter  celestial  objects,  and  lie 
discovered  the  first  satellite  of  Uranus  and  the  Kitellite  of  Xeptunc. 
He  also  detected  (simultaneously  with  Bon<l)  the  seventh  satellite  of 
Saturn. 
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CHAPTER    X. 
COMETS. 


By  a.  C.   D.  Crommelin,    B.A.,  D.Sc,   F.R.A.S. 

THERli  is  probably  no  part  of  Astronomy  that  appeals  so  much  to  the  general  public  as  that 
which  is  concerned  with  Comets.  In  all  ages  they  have  excited  intense  interest,  though  formerly 
this  was  mixed  up  with  a  large  amount  of  not  unnatural  apprehension  ;  their  long  tails  and 
rapid  motion  suggested  close  proximity  to  the  Earth,  and  it  was  almost  universally  believed  in  Europe 
in  the  lliddlc  Ages  that  they  were  luminous  appearances  in  our  own  atmosphere,  so  that  it  was  a 
short  step  to  the  supposition  that  they  brought  pestilences  and  other  evils  to  mankind.  It  was  one 
of  Tycho's  useful  achievements  to  prove,  by  careful  observations  made  simultaneously  at  two  distant 
stations,  that  Comets  were  at  least  several  times  as  far  away  as  the  Moon,  so  that  they  must  rank  not 

as  terrestrial  but  as  celestial  bodies.  The 
previous  misconception  as  to  their  nature  had 
the  bad  effect  of  making  people  attach  very 
little  importance  to  noting  the  exact  track  of 
Comets  among  the  stars,  so  that  the  Euro- 
pean records  for  the  times  preceding  Tycho 
are  extremely  meagre  from  the  point  of  view 
of  orbit  computation.  And  yet  a  philosopher 
of  the  First  Century,  the  famous  Seneca,  had 
made  the  remarkable  prediction,  "  Some  day 
there  will  arise  a  man  who  will  demonstrate 
in  what  regions  of  the  heavens  the  Comets 
take  their  way  ;  why  they  journey  so  far 
apart  from  the  other  planets  ;  what  their 
size,  their  nature."  These  words  remained  a 
dead  letter  for  1 ,500  years,  and  then  received 
a  complete  fulfilment  in  the  discovery  of  the 
law  of  gravitation,  which  made  it  possible  to 
trace  the  long  paths  of  Comets  and  in  some 
cases  to  foretell  their  return. 

Fortunately  in  China  and  Japan  much 
more  attention  was  paid  to  fixing  the  exact 
paths  of  Comets  through  the  constellations. 
This  work  is  none  the  less  useful  to  us 
from  the  fact  that  it  was  not  wholly  in- 
spired by  zeal  for  pure  science  ;  it  was  believed  that  each  terrestrial  kingdom  had  a  celestial  repre- 
sentative, and  that  Comets,  going  like  ambassadors  from  one  to  another  celestial  region,  might  give 
useful  forecasts  of  terrestrial  events.  The  different  names  given  to  these  apparitions  are  of  interest  ; 
thi'  word  "  Comet  "  means  hairy  ;  it  is  apt  enough  when  applied  to  some  of  these  visitants  (vide  the 
illustrations  of  Morehouse's  Comet  of  1908)  ;  an  amusing  instance  is  afforded  by  Vespasian's  answer 
to  his  courtiers,  who  were  apprehensive  about  the  Comet  of  a. d.  79  :  "  That  hairy  star  does  not  threaten 
me  ;  it  menaces  rather  the  King  of  the  Parthians  ;  he  is  hairy,  while  I  am  bald."  Other  fanciful  Greek 
names  applied  to  Comets  were  Xiphias,  Lampadias,  and  Akontias ;  implying  resemblance  to  a  sword, 
a  torch,  and  a  javelin  ;  Halley's  Comet  was  classed  as  Xiphias  in  a.d.  66,  and  as  Lampadias  in  a.d.  530. 
On  page  415  some  old  drawings  are  reproduced,  which  suggest  that  the  artists  gave  a  good  deal  of 
rein  to  their  fancies. 

The  Chinese  and  Japanese  used  the  designation  "  Besom-Star  "  for  Comets  ;  Suy  Sing  in  Chinese, 


islrotiomie.^ 


HAI,I,EY'S   COlIIvT    OVER    JERUSALEM,    A.D.    66. 

Halley's   Comet  apiwarcd  in  January,   66.     It  was  jirobably  the 

sword  mentioned  by  Josephus  :is  standing  over  Jerusalem  (Wars, 

Bk.  VI,  Chap,  v),  shortly  before  its  fall. 
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Hahakiboshi  in  Japanese  ;  it  may  be  derived  partly  from  the  bundle  of  streamers  forming  the  Comet's 
tail  recalling  the  bundle  of  twigs  in  a  broom  ;  partly  by  the  fancy  that  the  tail  swept  up  the  dust  in  the 
constellations,  as  a  broom  does  that  on  the  floor.  The  Chinese  practice  of  recording  the  length  of  tails 
in  chih  or  cubits  (somewhat  over  a  foot)  recalls  the  childish  usage  of  measuring  celestial  distances  and 
diameters  in  yards,  feet  and  inches. 

Pingre  in  his  "  Cometographie  "  has  some  vague  references  to  Comets  of  thousands  of  years  B.C.  ; 
but  the  earliest  one  that  rests  on  contemporary  testimony  is  in  611  B.C.,  which  opens  Williams's  useful 
book  on  Chinese  Comets  ;  this  went  through  Pih  Tow  (our  Plough)  and  may  not  impossibly  have  been 
Halley's  Comet.  There  are  stronger  reasons  for  assuming  its  identity  with  the  Comet  of  467  B.C., 
seen  both  in  Europe  and  China,  and  mentioned  by  Aristotle  ("  Meteor.,"  Book  I,  Chap,  vii),  who  says 
that  a  stone  fell  from  the  sky,  and  that  on  the  evening  of  the  same  day  a  Comet  was  seen.  Pingre 
dismisses  the  fall  of  a  stone  from  the  sky  as  a  manifest  fiction.  He  wrote  in  1783,  when  the  celestial 
nature  of  meteors  was  unrecognised  ; 
but  with  our  present  knowledge  the 
association  of  the  fall  of  the  meteor 
with  a  Comet  strengthens  our  con- 
jecture that  the  Comet  was  Halley's  ; 
for  it  is  one  of  the  few  Comets  that 
pass  sufficiently  near  to  the  Earth's 
orbit  to  give  meteor  showers  ;  Pliny 
adds  that  this  meteor  fell  at  Aegos 
Potami ;  it  was  as  large  as  a  chariot, 
and  its  surface  was  burnt ;  it  was  still 
.shown  in  his  time,  which  was  centuries 
later. 

We  next  find  an  observation  of 
Halley's  Comet  in  240  B.C.,  and  from 
that  time  to  the  present,  with  the 
doubtful  exception  of  163  B.C.,  we  have 
records  of  its  observation  at  every 
return,  in  most  cases  in  language 
implying  great  brilliance. 

We  have  already  seen  that  in  the 
First  Century  a.d.  Seneca  made  a  fore- 
cast which  shows  that  Comets  were 
regarded  as  celestial  objects,  so  that 
the  subsequent  view,  prevalent  in 
Europe,  that  they  were  mere  at- 
mospheric exhalations  was  a  retrograde  step.  There  is  a  remarkable  passage  in  the  Babylonian 
Talmud,  quoted  in  the  "  Observatory  "  (August,  1910),  which  I  give  in  full : — 

"  Two  sages  of  Palestine,  Rabbi  Gambiel  and  Rabbi  Josue,  were  making  together  a  sea-voyage. 
The  first  had  brought  some  bread,  the  second  had  brought,  besides,  some  flour.  When  Gambiel  had 
eaten  all  his  bread,  he  asked  his  companion  for  some  flour,  saying  to  him,  '  You  knew  that  we  should 
be  a  long  time  on  the  journey,  and  so  you  took  the  precaution  to  bring  flour.'  Josue  answered,  '  There 
is  a  very  brilliant  star  which  appears  every  seventy  years  and  deceives  sailors.  I  thought  that  perhaps 
it  would  surprise  us  during  our  voyage  and  delay  us.    That  is  why  I  provided  myself  with  flour.' 

M.  Renaudot,  discussing  this  passage,  shows  that  the  voyage  was  made  about  the  time  of  the  visit 
of  the  Parthian  prince  Tiridates  to  Rome  in  a.d.  06,  in  which  year  Halley's  Comet  appeared.  There  is 
therefore  quite  a  plausible  case  for  the  assumption  that  the  learned  Jews,  who  kept  their  records  very 
carefully,  had  noted  the  recurrence  of  this  bright  Comet  at  intervals  of  about  seventy-six  years  (the 


HAI,Lr,V'S    COMHT    IX    ()84. 

The  Comet  is  here  seen  as  a  circular  object  withfmt  a  tail      It  occasionally 

l<X)ke(l  like  this  in  18.3.5.     The  bright  star  in  the  Bull's  i;ye  is  Aldebaran. 

The  Pleiades  arc  hiijh  right  of  the  Comet. 
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seventy  in  the  text 
may  be  merelj-  a 
round  number),  and 
so  knew  when  to 
expect  its  return.  If 
this  was  so,  the  know- 
ledge was  subse- 
quentlj'  lest.  And 
in  any  case  the  credit 
of  Halley's  achieve- 
ment is  imshaken. 
The  true  orbit  of  a 
Comet  could  not  be 
deduced  till  the  cen- 
tral position  of  the 
Sun  was  known,  and 
the  law  of  gravita- 
tion understood  ;  the 
same  Comet,  if  it 
returns   at    different 


}I.'\I,I,ia"S    COMI'T    IN    Kllili    (FROM   THIC    BAViaX    TAPi;STRV; 

Thu  Ifft  panel  shows  people  gazini;  in  \von<lcr  on  the  Comet,  "  Isti  niirantur  stellam."    This  is  the 

earliest   undoubted  delineation  of   Halley's  Comet.     Harold's  anxiety  is  caused  by  the  Comet, 

the  invasion  of  Tostig,  and  the  preparations  of  William,  symboliscnl  by  the  ships. 


times  of  the  year,  has  an  entirely  different  track  in  the  sky  as  seen  from  the  Earth  ;  a  long  calculation 
is  required  to  deduce  its  true  path  round  the  Sun,  and  so  test  whether  two  Comets  were  moving  in  the 
same  path.  This  is  what  Halley  did,  but  any  identifications  before  his  time  were  mere  vague 
conjectures. 

Bcrorc  passing  on  to  the  general  consideration  of  the  motion  of  Comets,  there  is  another  remarkable 

ancient  Comet  that  deserves  mention. 
This  is  the  one  of  134  n.c,  whose  appear- 
ance led  Hipparchus  to  undertake  the 
formation  of  his  catalogue  of  stars. 
Most  text-books  assert  that  this  object 
was  what  we  now  call  a  Nova,  or  the 
sudden  outburst  of  a  bright  orb  in  the 
region  of  the  Fixed  Stars.  Dr.  J.  K. 
Fotheringham,  in  a  paper  read  before 
the  Royal  Astronomical  Society  in 
January,  1919,  showed  clearly  that  it 
was  a  Comet.  It  must  have  been  a 
remarkable  object,  its  splendour  being 
compared  with  that  of  the  Sun,  and 
it  took  four  hours  to  rise  and  set. 
This  Comet,  which  is  also  recorded  by 
the  Chinese,  preceded  the  birth  of 
Mithridatcs  ;  a  very  similar  object, 
supposed  by  the  Chinese  to  be  a  return 
of  the  same  body,  was  seen  fourteen 
years  later,  at  the  time  of  his  accession. 
Several  historians  have  treated  these 
ii.Ai,i.i;v's  comt;t  in   \mh\.  as  mythical,  merely  intended  to  glorify 

The  apparition  in  l()l>«  caused  great  alarm,  from  the  Comet's  brightness  MithridafPS  '  but  they  were  ignorant  of 
and  rapid  motion.     It  is  here  shown  in  the  Twins,  just  after  it  became  an        '  '  Jo 

evenini!  star.     Castor  and  Pollux  are  seen  on  the  left.  the  COrroborativc  testimony  from  China. 
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HAI,I,EY'S    COMET    IX    AUGUST    AND    SEPTEMBER,    1222. 
The  Comet  was  very  brilliant  in  1222,  the  Moon  looking  pale  beside 
It  passed  through  Bootes  (the  Herdsman),  the  Virgin,  the  Scales 
and  the  Scorpion. 


it 


A  Comet  that  led  to  the  formation  of  the 
first  star-catalogue  must  be  for  ever 
memorable. 

It  seems  appropriate  to  give  at  this 
point,  some  account  of  the  nature  of  Comets 
and  their  orbits, beforecontinuing  the  history 
of  their  appearances.  As  soon  as  Kepler 
obtained  his  result  that  the  paths  of  the 
planets  round  the  Sun  are  slightly  flattened 
ellipses,  it  was  a  natural  suggestion  that 
Comets  might  move  in  elongated  ellipses 
or  parabolas ;  .  Hevelius,  Borelli,  Lower, 
Dorfel,  all  appear  to  have  advanced  these 
ideas  before  the  publication  by  Sir  Isaac 
Newton  of  the  law  of  gravitation.  After 
this  the  matter  was  no  longer  one  of  mere 
conjecture,  but  was  capable  of  exact 
demonstration.  Newton  showed  that  the 
four  curves  known  as  conic  sections  were 
all  possible  forms  of  orbits  under  gravita- 
tion. These  curves  can  all  be  seen  as 
shadows  thrown  by  a  round  plate  on  a 
white  wall,  using  as  small  a  source  of  light 
as  possible,  so  as  to  obtain  sharp  shadows  ; 
when  the  whole  of  the  plate  is  nearer  to  the  wall  than  the  flame,  the  shadow  is  an  ellipse,  becoming 
a  circle  in  particular  cases,  .one  of  which  is  when  the  plane  of  the  plate  is  parallel  to  the  wall.  If  the 
outer  edge  of  the  plate  is  just  as  far  from 
the  wall  as  the  flame,  the  shadow  becomes 
a  parabola,  which  is  simply  an  ellipse  whose 
length  has  become  infinite.  If  the  plate  is 
moved  farther  out  the  shadow  becomes  a 
hyperbola  ;  this  contains  two  branches,  but 
only  one  appears  as  a  shadow. 

The  other  branch  would  be  formed  by 
drawing  lines  from  the  outer  part  of  the 
rim  through  the  flame,  and  carrying  them 
on  to  meet  the  wall  ;  this  outer  branch 
can  never  be  described  under  the  force  of 
gravitation  alone,  as  that  must  always 
give  a  curve  that  is  concave,  not  convex, 
to  the  attracting  body ;  but  we  shall 
presently  show  that  the  tail-matter  gives 
evidence  of  a  repulsive  force  in  the  Sun, 
stronger  than  gravitation,  and  the  outer 
branch  of  the  hyperbola  is  precisely  the 
path  that  would  be  described  by  tail  par- 
tides    (assuming    that    the   repulsive   force  haixicy's  comet  ix  145«. 

resembled  gravity  m  obeying  the  law  of  the  ^j^^  (,„„,^,j  appeared  in  July,  1456.     its  head  was  in  the  Twins,  its 

inverse  square  of  the  distance).  tail,  60°  long,  crossed  the  Crab  and  the  I^ion.    The  siege  of  Belgrade 

,     ,       ,  ,     ,  .^,     .^      .  was  in  progress  ;    the  Comet  is  said  to  have  discouraged  the  Turks 

A  picture  of  the  hyperbola  with  its  two  ,^„,,  contributed  to  their  defeat. 
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CCt,XVIir  A..C    1J31  ex    ol'J^ri'  ^piunil ^1  CxTrac-af 


[From  "  VAstronomie." 


PATH    OK    HALLEY'S    COMKT    IX    1331. 
The  path  of   the  Comet   was  under  the  legs  of   the  Great    Bear,  and  the   Hair  of   Berenice. 
The  jxeitions  were  determined  by  Apian  and  Fracastor.     This  was  the  first  apparition  used 

bv  Hallev. 


branches  is  given  on 
page  430 ;  as  we 
pass  along  the  curve 
from  the  vertex,  it 
becomes  straighter  and 
straighter,  and  con- 
tinually approaches  two 
lines  called  asymptotes 
(Greek  for  "  not  falling 
together  ")  so  that  the 
distant  parts  of  the 
curve  become  practi- 
cally coincident  with 
them.  In  the  picture 
these  lines  are  at  right 
angles,  but  this  need 
not  be  the  case. 

Another  applica- 
tion of  the  hyperbola 
in  Astronomy  is  in  the 

study  of  the  bending  of  light  rays  by  gravitation,  which  was  predicted  by  Einstein  and  verified  during 
recent  eclipses. 

The  parabola  is  a  familiar  curve  to  most  people,  though  they  may  not  know  its  name  ;  it  is  the 
course  followed  by  a  ball  thrown  up  obliquely,  or  by  the  jet  of  water  from  a  hose  or  fountain.  It  may 
be  drawn  on  squared  paper,  by  selecting  a  point  as  vertex,  then  measuring  various  distances  to  the 
right,  say,  i,  1,  1^,  2,  i\,  etc.,  and  measuring  the  squares  of  these  distances  downwards  (that  is,  J,  1, 
2\,  4,  6J,  etc.)  ;  the  points  thus  fixed  will  lie  on  the  curve,  which  has  a  symmetrical  portion  to  the 
left  of  the  vertex.  It  is  drawn  on  page  429  ;  the  figure  also  shows  a  useful  property  of  the  velocity  at 
any  point  in  a  parabolic  orbit  about  the  Sun  ;  it  can  be  split  into  two  equal  constant  velocities  ;  one 

^^^   at  right  angles  to  the 
j.u,rui.^^.i~,^  y     ^^.^  ^j^^  other  at  right 

angles  to  the  line  join- 
ing Comet  to  Sun  ; 
the  two  are  in  the 
same  direction  at  the 
vertex,  and  the  velo- 
city here  is  greatest  ; 
X  the  farther  we  go  from 
'  this  point  the  greater 
is  the  angle  between  the 
two  directions,  and  the 
smaller  the  resulting 
speed. 

It    can    easily    be 
deduced  from  Kepler's 
third  law  that  the  speed 
i-rom-VAsi,ommxcr      of    bodies    moving    in 
PATH  OF  HAi,i,EV's  COMET  IN  1607.  circular    orbits    is    in- 

The  picture   shows  the   path  of   the  Comet  through  the  hind  legs  of  the  Great   Bear,   the       verselv    as    the    Stiuare 
Herdsman,  the  Serpent,  Ophiuchus.     The  change  in  the  length  and  direction  of  the  tail  is  -^       '  ."   ' 

indicated.    This  was  the  second  apparition  of  the  Comet  used  by  Halley.  ^OOt    of    their    distance 
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[Afkr  Haclius. 
HAI,I,EY'S  COMET  IN  SEPTEMBER,  1682. 
This  appearance  of  the  Comet  was  shortly  after  the  discovery  of 
the  Law  of  Gravitation.  The  period  of  the  Comet  was  determined 
by  the  observations  of  1682,  combined  with  1531  and  1607.  The 
curious  curved  ray  from  the  head  was  also  seen  in  1759  and  1835. 


from  the  Sun.     The  Earth  moves  eighteen 

and  a  half  miles  per  second  ;    at  nine  times 

the  distance  the  speed  would  be  one-third, 

or  six.  and  one-sixth  miles  per  second  ;    at 

100  times  the  distance  one-tenth,  and  so  on. 

Just  as  there  is  only  one  circular  speed  at  any 

distance,  so  there  is  only  one  parabolic  speed 

at  any  distance,  and  it  is  always  greater  than 

the  circular  speed  in  the  same  proportion, 

which  can  be  shown  to  be  the  square  root  of 

two,  or  1  '414.    Thus  an  increase  of  the  Earth's 

speed  by  seven. and  a  half  miles  per  second, 

making  it  twenty-six  miles,  would  suffice  to 

make  it  move  in  a  parabola,  and  to  carry 

it  away  from  the  Sun.     Similarly  all  Comets 

moving  in  parabolas  have  a  speed  of  eighteen 

and  a  half  miles  per  second  when  at  twice 

the  Earth's  distance  from  the  Sun. 

The  speed   at   any  point   determines   at 

once    the   character   of    the    orbit    and    the 

period  ;   if  the  speed  is  greater  than  that  of  a 

parabola,   the  orbit  is  hyperbolic  ;    if  less, 

elliptic.    If  a  shell  were  to  burst  at  any  point 

in  space  and  scatter  its  particles  with  the 

same  speed  in  all  directions  (less  than  the  parabolic  speed)  the  particles  would  all  have  the  same 

period,  and  would  all  meet  again  after  one  revolution.     So  we  see  that  if  a  planet  diminishes  a 

Comet's  speed,  it  shortens  its  period  and  brings  it  back  sooner  ;   Jupiter  did  this  to  Halley's  Comet 

in   1835,   the  revolution  from  then  to   1910  being  the  shortest  on  record. 
A  body  coming  from  a  great  distance ,  with  j  ust  enough  velocity 

to  start  with  to  avoid  falling  into  the  Sun  would  describe  a  para- 
bola ;  if  it  had  considerable  speed  to  start  with,  it  would  describe 

a  hyperbola ;  in  the  latter  case  it  would  circle  once  round  the  Sun, 

and  then  leave 
it  for  ever.  How- 
ever, no  Comets 
with  decidedly 
hyperbolic  or- 
bits have  been 
.seen  ;  the  con- 
clusion is  that 
Comets  do  not 
come  from  other 
solar  systems, 
but  all  belong  to 
the  Sun's  family. 
The  few  cases  of 
a  slight  ten- 
dency to  a  hy- 
perbolic path 
can  beexplained 


i«.  p.  Hollh. 


[From  Himmel  und  Erdc. 

HAI^LEV'.S    COMET    IX    1759. 

This  was  the  first  predicted  return  of  Halley's  or  any 

other  Comet.    It  w.-is  not  particularly  brilliant  in  1759, 

but  the  luminous  jet  behind  the  head  was  seen  as  in 

1682  and  1835. 


By  permission  of\ 


VERIFICATION  OF  HALLEY'S 

PREDICTION    IN    1759. 

A  French  artist  (name  unknown)  depicts  an 

angel    calling    Halley    from    the    grave    to 

witness  the  fulfilment  of  the  first  prediction 

of  the  Comet's  rj^turn  at  a  given  date. 
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by  disturbances  produced  by  the  planets.  These  disturbances  are  often  very  large,  since  the  elongated 
paths  of  Comets  take  them  across  the  routes  of  the  planets,  and  close  approaches  are  not  infrequent. 
The  great  majority  of  Comets  move  in  paths  that  are  practically  parabolic.  This  does  not  mean 
that  their  orbits  really  go  to  infinity,  for  we  have  just  seen  that  they  are  to  be  regarded  as  members  of  the 
Solar  System  ;  but  we  can  only  observe  them  for  a  very  small  portion  of  their  orbits,  and  in  this  region  the 

departure  from  a  parabola 
is  in  most  cases  too  small  to 
detect.  Further,  parabolic 
motion  is  much  simpler  to 
compute  than  motion  in  a 
long  ellipse  ;  all  parabolas 
are  of  the  same  shape,  and 
tables  have  been  made 
which  serve  for  all  cases, 
whereas  in  ellipses  separate 
tables  are  needed  for  all 
values  of  the  eccentricity. 
It  seems  that  the  vast 
extent  of  the  cometary 
orbits,  which  go  out  to  at 
least  twenty  times  Nep- 
tune's distance  from  the 
Sun,  probably  much  more, 
implies  one  of  two  things  : 
either  the  material  forming 
the  Solar  System  was  once 
spread  out  over  this  huge 
volume  of  space  ;  or  the 
tidal  disturbance,  which  the 
planetesimal  hypothesis 
supposes  to  have  taken 
place  from  the  approach  of 
another  star  to  the  Sun,  re- 
sulted in  a  distribution  of 
matter  over  a  space  much 
wider  than  the  known 
planetary  orbits.  There  is 
no  reason  to  suppose  that  a 
very  large  proportion  of  the 
matter  went  to  these  dis- 
tant regions  ;  for  Comets, 
though  large,  are  exceed- 
ingly tenuous,  and  pro- 
bably the  combined  mass  of 
all  the  Comets  ever  ob- 
served is  much  less  than 
that  of  the  Moon. 

Newton  found  an  able 
ally  in  Halley  in  the  appli- 
cation of  the  law  of  gravita- 


/ 

2 

3              •             ■      •  •   ■  ■ 

4. 

* 

5                                                                                                                   - 

6 

\AIUr  Guillemin, 
H.\I-I.KV'S  COMKT.  (SIR  J.  HICRSCHia,.) 
1.  \iew  of  the  Comet  in  t)phiuchus  with  the  naked  eye,  183.5,  October  ii.  2.  The  siime 
viewed  with  a  teleseopc  of  seven  feet  focal  length.  .3,  4,  r>,  6.  Details  of  the  head  of  the 
Comet,  18:J'>  October,  183B  February.  The  Comet  showed  remarkable  changes  from 
night  to  night  in  the  telescope.    The  bright  spur  behind  the  nucleus  is  a  recurring  feature 

of  this  Comet. 


ly  permission  of\  [L.  E.  A. 

PHOTOGRAPHIC  SHAKCH  FOR  HALLHY'S  COMIvT  AT  (iRKICXWICH,  IX  SKPTJvMHliR,  1909. 
Mr.  Davidson  is  here  seen  taking  photographs  with  the  thirty-inch  reflecting  telescope.  He  looks  through  the  guiding  telescope, 
which  has  a  cross  of  spiders'  webs  at  the  focus  (see  No.  3)  ;  he  keeps  a  selected  star  at  the  cross,  using  an'  electric  key  H,  which 
regulates  the  rate  of  the  driving  clock.  No.  4  shows  the  position  (jf  the  plate-holder  P,  which  receives  the  light  from  the  great 
mirror  M.  The  reproiiuced  negative  shows  the  Comet  in  the  centre,  indicated  by  two  sloping  lines.  It  appeared  just  like  a 
small  star,  but  its  motion  between  one  photograph  and  the  next  permitted  its  identification. 


396 


Splendour  of  the  Heavens 


tion  to  Comets.  The  latter  seems  to  have  had  more  aptitude 
for  tedious  arithmetical  calculations  than  Newton,  and  he 
immediately  collected  all  the  observations  of  the  positions 
of  Comets  that  he  could  find  ;  they  extended  over  the 
preceding  two  centuries  and  included  twenty-four  Comets. 
In  each  case  a  parabolic  orbit  was  assumed  in  the  first 
instance,  which  indeed  is  still  the  practice.  This  was  indeed 
quite  near  enough  for  the  Comets  that  he  dealt  with  ; 
nowadays  we  should  be  able  to  say  after  a  month's  observa- 
tions that  a  Comet  was  not  moving  in  a  parabola,  if  its  true 
period  was  eighty  years,  or  so.  But  the  observations  used 
by  Halley  were  much  rougher,  and  this  was  not  possible. 

On  obtaining  the  orbits  of  twenty-four  Comets,  Halley 
compared  them,  and  noticed  that  three  of  them,  those  of 
1531,  1607  and  1682,  were  practically  identical,  and  he 
at  once  suspected  that  this  was  the  same  body  returning 
at  intervals  of  three-quarters  of  a  century.  He  hesitated 
slightly  when  he  noticed  that  the  first  interval  was  fifteen 
months  longer  than  the  second  ;  but  he  noticed  that  the 
Comet  must  have  passed  fairly  near  to  the  two  great 
planets  Jupiter  and  Saturn ;  these  bodies  influence 
each  other's  periods  to  a  quite  appreciable  extent,  and 


I'romi  [Journal  of  R.A.S.  of  Canada. 

PATH  or  HAIJ,i;\"S  COMET  REKFvRRED  TO  FIXED  EARTH. 
This  is  a  vtry  convenient  way  of  illustratinK  the  motion  of  the  Comet. 
It  shows  for  any  (late  its  distance  from  Earth  (IC)  and  Snn,  and  its  direction 
relative  to  the  Sun.  The  iKisition  for  1909,  August,  is  low  right,  that  for 
1910,  December,  low  left.  The  Siime  curve  will  serve  for  other  returns, 
altering  the  jiosition  of  i; ;  its  positions  for  ll)«2,  17.")9,  1833,  are  shown. 
The  iK)sition  for  1980  will  be  a  little  above  that  for  1759. 
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PHOTOGRAPHS 
COMET,  SEPTEMBER,  1909. 
The  photographs  were  taken  on  September  10, 
17,  24,  20.  The  same  stars  appear  on  all  four 
plates.  The  Comet  is  indicated  by  arrows.  It 
looks  exactly  like  a  small  star,  but  its  motion 
enables  us  to  identify  it.  The  earliest  photograph 
was  taken  at  Helwan  on  August  24. 

their  influence  on  the  Comet  would  be 
much  greater,  both  on  account  of  its 
closer  approach  to  them,  and  because 
its  greatly  elongated  orbit  (see  p.  74) 
is  far  more  sensitive  to  changes  of  period 
than  a  circular  orbit.  Halley  was  quite 
correct  in  this  reasoning,  which  was  the 
more  creditable  in  that  the  study  of 
perturbations  was  still  in  its  infancy,  ', 
and  had  not  been  reduced  to  a  system. 
He  then  looked  farther  back,  and  was 
confirmed  in  his  view  by  seeing  a  record 
of  a  Comet  that  was  evidently  the  same 
appearing  in  the  summer  of  1456.  He 
tried  to  go  still  farther  back,  but  here  he 
went  astray,  and  though  he  made  a  list 
of  supposed  returns  extending  to  the 
one  that  marked  the  birth  of  Mithri- 
datcs,  he  was  wrong  in  every  case 
before  1456.  This  does  not  affect  his 
credit,  as  these  identifications  were  only 
given  as  conjectures  ;  whereas  now 
the  study  of  planetary  perturbations 
enables  us  to  make  the  identifications 
certain. 

Looking  forward,  Halley  announced 
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From  "  KnoK'Udge."]  [liy  permission  of  the  "  Daily  Graphic." 

'     PATH    OF   HALI<EY'S   COMET   AMONG   THE    CONSTELLATIONS   DURING    AUTUMN,    1909. 
The  Crnnct  was  in  the  western  part  of  the  Twins  when  found.       It  will  always  be  first  seen  in  this  neighbourhood,  if  found  when  still 
a  long  way  from  the  Sun.    It  moved  slowly  back  through  the  Bull,  the  Ram,  and  the  Fishes ;    it  was  then  stationary,  after  which  it  moved 
in  a  forward  direction  over  nearly  the  same  path  as  before,  passing  on  as  an  evening  star  through  the  Twins,  the  Crab,  and  Hydra. 
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that  the  Comet  would  reappear  towards  the  end  of  1758  or  beginning  of  1759  ;  he  allowed  a 
little  (not  quite  enough)  for  delay  due  to  the  planets  ;  actually  it  passed  nearest  to  the  Sun  on 
March  12,  1759.  Halley  knew  he  could  not  live  to  see  the  return,  and  conscious  of  the  unique 
interest  of  the  occasion,  when  for  the  first  time  in  the  world's  history  the  date  of  the  return  of 
a  particular  Comet  was  definitely  announced,  he  asked  posterity  to  remember  that  this  first 
prediction  was  made  by  an  Englishman.  Strangely  enough,  it  was  in  England  that  the  prediction 
received  least  honour  ;  the  Gentleman's  Magazine  in  1758  published  some  verses  expressing  disbelief 
in  the  forecast ;  while  in  France,  Clairaut  and  Lalande,  assisted  by  Madame  Lepaute,  spent  two  years  in 
computing  the  planetary  perturbations'.  They  obtained  a  result  near  the  truth,  fixing  the  time  as 
April  13,  one  month  too  late  ;  the  masses  of  Jupiter  and  Saturn  were  not  very  exactly  known,  while 
Uranus  and  Neptune  had  not  been  discovered. 

Halley  had  called  this  body  "  a  Mercury  among  Comets,"  supposing  it  to  have  the  shortest  period 
of  any  of  them.    We  know  at  present  quite  a  number  of  them  with  much  shorter  periods  ;  the  true 

Mercury  among  them  is  Encke's 
Comet,  which  returns  every 
three  and  one-third  years  ;  it 
shares  with  Halley's  the  di.s- 
tinction  of  being  seen  at  every 
return.  But  Halley's  remains 
the  only  periodic  Comet  that  is 
conspicuous  to  the  naked  eye. 
All  the  other  brilliant  Comets 
have  such  long  periods  that 
they  have  not  been  seen  at  a 
previous  return  since  Astrono- 
my became  an  exact  science  ; 
they  cannot  be  predicted,  and 
take  us  by  surprise  when  they 
come. 

The  calculations  that  are 
made  of  the  return  of  periodic 
Comets  are  based  on  the  as- 
sumption that  nothing  except 
gravity  is  acting  upon  them  ; 
these  predictions  agree  well  with 
the  facts,  which  proves  that  this  is  practically  true  ;  but  we  have,  on  the  other  hand,  the  fact  that  the 
tails  of  Comets  are  manifestly  being  repelled  by  the  Sun  with  a  force  much  stronger  than  gravity.  This 
force  therefore  does  not  affect  the  head  of  the  Comet  ;  we  draw  the  conclusion  that  the  non-gravitational 
forces  are  only  important  on  very  tiny  particles  comparable  with  a  wave-length  of  light  (say  jnrioo 
inch  in  diameter)  and  that  the  matter  forming  the  head  of  the  Comet  is  in  pieces  that  are  much  larger 
than  this.  We  are  led  to  the  same  conclusion  in  another  manner.  Immense  supplies  of  gas  are  driven 
away  from  the  head  into  the  tail  ;  these  are  permanently  lost  to  the  Comet,  whose  attraction  is  far  too 
weak  to  reclaim  the  matter  sent  out.  Tiny  particles  could  not  hold  much  gas,  and  would  give  it  all  out 
quickly  ;  but  Halley's  Comet  has  been  sending  out  large  tails  at  each  return  for  over  2,000  years,  which 
implies  that  the  lumps  forming  the  head  are  fairly  large.  We  cannot,  however,  imagine  that  their 
diameter  runs  into  miles  ;  for  in  that  case  something  would  have  been  seen  of  the  head  of  the  Comet 
when  it  transitted  the  Sun  in  May,  1910.  I  should  put  down  the  diameter  as  several  feet,  probably 
larger  than  the  largest  meteoric  fragments  in  our  museums  {sec  page  109). 

There  are  quite  independent  reasons  for  supposing  that  the  head  of  a  Comet  consists  of  meteors. 
Prof.  J.  C.  Adams  studied  the  orbit  of  the  Leonid  meteors  of  November  with  great  care,  and  found 


P.\TH    OF    HAI.UvV'S    COMICT,    MAY,    1910. 

This  picture  shows  how  the  Karth  and  Comet,  moving  in  opjxjsite  directions,  were 

nearest  to  each  other  on  May  18.    Actually,  the  tail  was  curved  backwards,  which 

somewhat  delayed  our  passage  through  it.    The  head  of  the  Comet  transitted  the 

Sun,  but  was  quite  invisible  when  doing  so. 
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that  their  orbit  agreed  with  that  of  Tempel's  Comet  of  1866  (period  about  thirty-three  and  a  quarter 
years).  Schiaparelli  found  a  similar  agreement  between  the  orbit  of  the  Perseid  meteors  of  August 
and  Tuttle's  Comet  of  1862.  The  Lyrids  of  April  are  associated  with  Thatcher's  Comet  of  1861  ;  the 
Andromedes  of  November  with  Biela's  short-period  Comet,  which  spHt  in  two,  and  subsequently  ceased 
to  exist  as  a  Comet,  though  the  meteors  from  it  still  remain.  Halley's  Comet  itself  has  a  meteor  shower, 
the  Aquarids  of  May.  Its  orbit  does  not  quite  intersect  that  of  the  Earth,  but  passes  within  a  few  million 
miles  of  it,  and  the  meteors  are  dispersed  for  some  distance  all  round  the  cometary  orbit  {see  picture 

on  page  398).  The  meteor  that  fell  at 
Aegos  Potami  in  467  B.C.  may  well  have 
been  a  member  of  this  shower. 

Probably  when  a  Comet  is  a  long  way 
from  the  Sun,  it  has  little  in  the  shape  of 
gaseous  envelopes.  The  photographs  of 
Halley's  Comet  taken  in  September,  1909 
{see  page  396)  show  no  nebulosity  ;  the 
Comet  looks  e.xactly  like  a  small  star,  and 
can  only  be  distinguished  by  its  motion. 
Its  tail  did  not  begin  to  appear  till  some 
months  later ;  this  is  the  general  rule 
in  Comets  with  tails  that  the  latter  is  not 
seen  at  first,  but  gradually  develops 
during  the  approach  to  the  Sun.  It  may 
be  simply  the  Sun's  heat  that  draws  the 
gas  out  of  the  meteoric  lumps,  just  as 
coal  is  heated  in  retorts  to  extract  its 
gas.  Once  the  gas  is  extracted,  it  forms 
the  coma,  which  is  a  more  or  less  spherical 
envelope  round  the  head.  Some  repulsive 
agency  then  begins  to  act  on  this,  driving 
matter  out  away  from  the  Sun  to  form 
the  tail.  The  generally  received  idea  is 
that  this  repulsion  arises  from  light- 
pressure,  which  is  known  to  exert  a 
strong  outward  force  on  particles  whose 
diameter  is  comparable  with  a  wave- 
length of  light.  The  difficulty  about 
this  is  that  the  spectroscope  shows  the 
tail  to  consist  largely  of  gas,  whose 
molecules  are  so  much  smaller  than  the 
size  mentioned,  that  light-pressure  for 
them  would  be  very  small ;  it  has  been 
suggested  that  the  dust  particles  that  are  driven  out  might  drag  a  good  deal  of  gas  with  them.  There 
is,  however,  another  agency  that  almost  certainly  assists  in  the  action,  viz.,  electrical  repulsion.  Several 
of  the  photographs  and  pictures  of  Comets  accompanying  this  chapter  show  that  the  tail  leaves  the 
head  not  in  a  single  jet,  but  in  a  number  of  them  that  spread  out  like  a  fan.  The  most  notable  case 
is  the  six-tailed  Comet  of  1744  (page  105). 

I  will  here  recall  Kepler's  Law  of  Equal  Areas  {see  pages  83,  87).  Newton  had  no  difficulty  in  proving 
from  this  law  that  the  planets  are  acted  on  by  a  force  directed  exactly  towards  the  Sun.  In  fact,  any 
force  that  is  always  directed  to  or  from  a  point  has  no  effect  on  the  rate  of  description  of  areas  of  any 
body  moving  round  that  point.    From  this  it  can  be  shown  by  simple  geometry  that  if  the  tail  were 


HAHKY'S   COMET,    NAKED-EVE   VIEW   IN    MEXICO 
(I<.  G.  LEON). 
This  i)icturc  shows  the  Comet  near  the  square  of  Pegasus.      Venus  is 
shown  to  the  right  of  it. 
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simply  caused  by  solar  forces,  it  would  always  issue  from  the  head  exactly  in  the  line  joining  Sun  and 
head.  That  it  docs  not  do  so  is  made  manifest  by  these  fan-shaped  tails.  There  are  therefore  non-solar 
forces  concerned  in  making  the  tail,  and  we  cannot  locate  these  elsewhere  than  in  the  Comet's  head. 
Noting  that  the  force  required  is  a  repulsive,  not  an  attractive,  one,  it  sfeems  impossible  to  suggest 
anything  except  electrical  repulsion.  We  have  practically  demonstrated  this  for  the  head  of  the 
Comet,  and  it  seems  a  natural  deduction  that  the  Sun's  action  is  also  electrical,  though  light-pressure 
may  help  it.  The  Comet  that  gave  most  information  on  the  physics  of  Comets'  tails  was  that  of 
Morehouse,  which  appeared  in  the  autumn  of  1908.  It  was  not  very  conspicuous  to  the  eye,  but  was 
very  rich  in  photographic  rays  (see  p.  61),  so  that  the  photographs  of  it  are  full  of  interest.  They 
appear  to  show  that  a  good  deal  of  the  tail-matter  leaves  the  head  in  the  first  instance  towards  the 
Sun,  but  it  is  quickly  turned  round  by  the  solar  repulsion,  and  sent  bacTcwards  in  two  streams,  one 
on  each  side  of  the  head,  with  a  darker  space  between  them.     An  analogy  has  been  put  forward  of 

a  fountain  that  is  send- 
ing up  jets  in  many 
directions,  but  after  it 
has  gone  up  a  little 
way  gravity  makes  the 
water  descend ;  the 
outline  of  the  water 
forms  a  parabolic 
curve,  and  we  often 
see  these  parabolic 
hoods  on  the  sunward 
side  of  the  head.  These 
are  well  shown  in  the 
picture  of  the  Comets 
of  1858  and  1861,  page 
420.  Coggia's  Comet 
of  1874  also  shows 
them.  Morehouse's 
Comet  was  high  up  in 
the  northern  skj'  for 
the  greater  part  of  the 
night,  so  that  it  was 
possible  to  take  a  long 
series  of  photographs. 
These  clearly  show  out- 
ward motion  of  the  small  luminous  knots  that  can  be  detected  in  the  taSi,  and  enable  the  intensity 
of  the  repulsive  force  to  be  measured.  It  was  found  that  some  of  these  left  the  head  with  accelerated 
motion,  but  that  after  a  time  the  acceleration  died  awaj'.  This  again  suggests  electrical  forces,  since 
this  effect  might  be  due  to  the  leaking  away  of  a  charge,  whereas  light-pffessure  would  not  be  subject 
to  any  sudden  change.  ' ' 

Again,  the  whole  process  of  tail  emission  was  far  from  uniform,  and  would  sometimes  cease  for  a 
time,  so  that  an  old  discarded  tail  would  be  seen  passing  away,  with  a  gap  between  it  and  the  new 
one.  The  same  effect  was  seen  in  a  photograph  of  Halley's  Comet  in  April,  1910,  and  it  was  noted 
that  this  Comet  temporarily  lost  its  tail  in  1835. 

Some  tails  have  undergone  periodic  changes  of  form,  that  suggested  rotation.  There  are,  however, 
mechanical  difficulties  in  the  way,  since  a  body  can  only  rotate  if  it  is  rigidly  held  together,  or  acted 
on  by  a  strong  central  force.  Neither  of  these  can  hold  in  this  case,  so  the  only  supposition  that  we  can 
make  is  that  a  rotation  of  the  head  might  give  an  appearance  of  rotation  in  the  tail  that  flows  from  it. 


From'.  ["  L' Astronomic.'^' 

H.^LLIiV'S    COJIirr    IX    the    evening    sky,   may,    1910. 
This  picture,  made  in  Italy,  shows  the  beautiful  aspect  of  Halley's  Comet  in  the  evening  sky 
over  the  Alps  in  May,  1910.    The  Sickle  of  the  I,ion  is  shown  above  it,  and  the  Head  of  Hydra 

below  it. 
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Actually  the  streamers  of  the  tail  would  have  a  spiral  or  helical  form.  Such  a  form  is  suggested  by  some 
photographs  that  Prof.  Barnard  took  at  a  short  interval,  and  combined  in  a  stereoscope,  though  he 
pointed  out  that  the  appearance  could  be  explained  in  other  ways.  Bredichin,  a  well-known  Russian 
astronomer  of  the  last  century,  made  a  classification  of  Comets'  tails,  which  should  be  mentioned  in 
the  history  of  the  svibject,  though  the  evidence  since  accumulated  does  not  altogether  bear  out  his 
conclusions.  He  postulated  three  types:  (I)  long  straight  tails,  like  that  of  the  Comet  of  1843;  (II) 
slightly  curved  tails, 
like  the  principal  tail  of 
Donati's  Comet  ;  (III) 
short,  greatly  curved 
tails,  which  are  not 
often  seen.  His  view 
was  that  these  tails 
indicated  a  difference 
in  the  amount  of  the 
repulsive  _  force  com- 
pared with  l^a-rkat^ ; 
he  ascribed  this  tff  a 
difference  of  the  mole- 
cular weights  of  the 
particles.  He  sup- 
posed type  I  to  be 
composed  of  hydrogen, 
the  repulsive  force  be- 
ing some  twelve  times 
that  of  gravity.  Type 
II  he  ascribed  to  hy- 
drocarbon compounds ; 
this  is  the  commonest 
form  of  tail,  and  the 
spectroscope  supports 
him  in  showing  the 
presence  of  these  com- 
pounds, though  it  has 
not  shown  the  tails 
composed  of  pure  hy- 
drogen that  he  postu- 
lated in  I.  Type  III 
(in  which  the  repul- 
sive force  was  supposed 
to  be  only  a  fraction  of 
gravity,  owing  to  the 
greater  deifeity)  was 
put  down  to  particles 
of  iron  vapour,  possibly 
mixed  with  sodium,   etc 


From]  l"  L' Astronomic.'^ 

HALLEY'S    COMET    SEEN'    FROM    PARIS,    MAY,    1910. 

The  Comet  is  here  shown  in  the  morning  sky,  with  \enus  and  the  Moon  to  the  right  of  it.    The 

Eagle  and  Dolphin  are  shown  in  the  top  right-hand  eorncr.      Even  a  short  southward  journey 

sufficed  to  make  the  conditions  for  observing  the  Comet  notably  better  than  in  England. 


Sodium  has  been  spectroscopically  indicated  in  a  few  cases,  but  the 
spectroscope  hardly  bears  out  Bredichin's  idea  that  each  separate  tail  has  a  different  chemical 
composition  ;  .photographs  of  the  tail  of  Morehouse's  Comet  taken  with  a  prismatic  camera,  sefem 
to  show  much  the  same  chemical  composition  in  the  different  tails. 

The  career  of  a  Comet  may  be  said  to  be  over  when  its  meteors  have  lost  all  their  gas,  or  when  they 
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ClRIOrS  ASPECT  OF  THE  HEAD  OF  HALLEY'S  COMET, 

1910,   ]VKE    8   (L.   G.   LEON). 

The  hoocls  roun<l.  the  head  of    the  Comet  here  present  a  much 

broader  and  more  irregular  outline  than  is  usually  the  case. 


have  been  scattered  by  perturbations  over  so 
wide  a  space  that  its  unity  and  visibihty  are 
lost.  These  disrupting  causes  are  most  effec- 
tive when  a  Comet  is  fairly  near  the  Sun  ; 
therefore  the  oftener  that  a  Comet  approaches 
the  Sun,  the  shorter  the  period  of  its  existence 
as  a  Comet.  I  thin-k,  therefore,  that  we  can 
ascribe  the  great  prevalence  of  long- period 
Comets  to  the  principle  of  "  The  survival  of  the 
fittest."  We  are  apt  to  be  deceived,  on  looking 
at  catalogues  of  Comets  ;  we  see  a  considerable 
number  of  short-period  ones  among  them,  and 
we  may  think  that  they  are  in  a  majority, 
or  at  least  in  a  strong  minority.  But  the  short - 
period  ones  are  like  a  stage  army ;  they 
multiply  themselves  by  their  repeated  entry 
into  our  stage  ;  whereas  the  long-period  ones 
make  their  single  entry  and  are  then  done  with 
as  far  as  the  human  race  is  concerned.  From 
a  study  of  the  catalogues  I  estimate  that  some- 
thing like  300  long-period  Comets  approach 
the  Sun  in  a  century.  I  do  not  think  that  I 
am  over-estimating  the  average  period  of 
those  Comets  whose  orbits  are  indistinguishable  from  parabolas  if  I  put  it  at  40,000  years,  or  400 
qenturies.  This  would  give  one-eighth  of  a  million  as  the  total  number  of  long-period  Comets,  so 
that  they  seem  to  be  by  far  the  most  numerous  class  of  objects  in  the  Solar  System.  Even  if  we 
accept  the  rather  extreme  estimate  of  50,000  asteroids,  they  are  still  outnumbered  by  more  than 
two  to  one.  The  short-period  Comets,  even  with  a  generous  allowance  for  undiscovered  ones,  cannot 
much  exceed  100.  By  far  the  greater  number  of  them  are  connected  with  the  giant  planet  Jupiter,  and 
new  members  of  his  family  are  continually  being  found.  These  bodies  have  presumabh-  a  comparatively 
short  career  ;  two  of  the.  family,  Biela's  and  Brorsen's,  are  definitely  written  off  as  defunct.  This 
brings  us  to  the'  second  method  of  cometary  dissolution,  by  the  scattering  of  their  constituent  meteors 
through  perturbations. 

The  mass  of  Comets  is  known  to  be  small  compared  with  that  of  even  the  satellites.    Several  Comets 
are  known  to  have  passed  right  through  the  Jovian  system  without  producing  the  smallest  appreciable 

derangement  of  the 
satelHte  movements. 
This  shows  that  the 
grip  of  a  Comet  on  its 
constituents  must  be  a 
very  loose  one,  and 
once  scattering  begins 
it  proceeds  at  an  ac- 
celerated pace  ;  for 
henceforward  the 
separated  fragments 
are  subject  to  different 
ORUIT  OF  HALi.EV'S  COMET,  WITH  DATES  OF  I'ASSiNc;  CERTAIN  POINTS.  perturbations.        It  is 

The  figure  should  be  studied,  to  rcalifc  the  remarkable  change  in  the  Comet's  speed.     It  is  now        jj^  jj^j^  manner  that  we 
midway  between  the  orbits  of  Eranus  and  Neptune,  and  will  remain  for   thirty-two   years 

outside  Neptune's  orbit.    It  passes  aphelion  in  1948.  '  niUSt     SUppOSC     the 
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meteor  showers  to  have  originated.  The  mode  of  scattering  of  these  is  quite  distinct  from  that  of 
the  tail  particles.  The  latter  are  driven  off,  not  along  the  Comet's  orbit,  but  in  a  direction  away  from 
the  Sun  ;  the  meteors,  on  the  other  hand,  continue  to  travel  in  almost  the  same  orbit  as  the  Comet 
(see  picture,  page  427)  ;  they  have  not  been  separated  by  the  repulsive  force,  but  by  slight  differences 
of  attractions  and  perturbations.  It  is  noteworthy  that  all  the  Comets  that  are  known  to  be  associated 
with  meteor  showers  are  of  moderate  period.  The  periods  are  :  Thatcher's  Comet,  415  years  ;  Tuttle's, 
130  years  ;  the  others  being  seventy-five,  thirty-three,  and  seven  years.  It  is  evident  that  repeated 
disturbances  are  required  to  draw  out  the  meteors  into  these  long  streams.  How  long  they  are  is 
shown  by  the  fact  that  we  sWe'some  Leonids  and  Perseids  every  year,  so  that  they  must  form  a  band 
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from  "  Kitouitilef."  '  [Louell  Observatory. 

CHART   OF  THE  LAST  VIICWS  OK  HALI.KY'S  COMET.   1911,  MAY. 

The  positions  shown  are  taken  from  photographs  made  at  the  Lowell  Observatorj-.    They  were  made  more  than  a  year  after 

the  perihelion  passage,  and  the  Comet  had  bceome  very  faint.    It  was,  however,  brighter  after  perihelion  than  Ijeforc,  owing  to 

the  excitation  produced  by  the  .Sun.     The  Comet  will  remain  invisible  till  1985. 

roynd  the  whole  Cometary  orbit,  a  length  of  many  thousands  of  millions  of  miles.  The  scattering  is 
not  uniform,  but  is  much  thicker  near  the  Comet.  Hence^the  brilliant  Leonid  displays  have  recurred 
at  thirty-three  year  intervals.  In  view  of  this  disintegration  it  is  not  surprising  to  find  that  the  accom- 
panying Comet  has  deteriorated  rapidly.  There  are  grounds  for  believing  that  it  is  the  same  as  a 
Comet  seen  in  China  in  1366  ;  "its  colour  resembled  that  of  a  handful  of  meal,  and  it  was  nearly  as 
large  as  a  tow  measure."  In  1866  it  was  a  feeble  telescopic  object,  and  could  not  be  found  at  all 
in  1899. 


From  "  KnowUdge."]  [By  permission  of  Ihe  Aslronomtr  Koyal. 

COMET    "  C,"    1908   (MOREHOUSE),    OX   SEPTEMBER    29. 
The  twisted  aspect  of  many  of  the  tail  streamers  will  be  uoticc<l,  also  the  appearance  of   the  stars  as  lines,  produced    by  the  Comet's  rapid 

motion. 
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The  Aquarids  are  also  distributed  round  a  considerable  part  of  the  orbit  of  Halley's  Comet,  but  the 
dissolution  of  this  body  has  not  progressed  so  rapidly.  It  is  probably  not  quite  such  a  fine  object  now 
as  it  was  in  1066,  but  it  still  excited  great  enthusiasm  in  southern  countries  in  1910,  so  that  it  must 
have  been  a  much  more  massive  body  to  start  with,  or  else  the  Leonid  Comet  is  much  older. 

Having  discussed  the  manner  of  the  slow  dissolution  of  Comets,  we  may  speculate  a  little  concerning 
their  origin.  Their  close  association  with  meteors  has  been  proved ;  now  the  latter  bodies  are  found  to 
be  very  complex  ;  some  of  them  consist  of  iron,  others  contain  nickel,  tin,  also  silicates  and  other 
mineral  compounds.  A  considerable  amount  of  hydrogen  and  other  gases  is  found  in  them,  which 
suggests  an  origin  in  the  Sun,  or  giant  planets,  where  alone  in  the  Solar  System  hydrogen  exists  in  a 
free  state  ;  on  Earth  it  is  only  found  in  combination. 

A  solar  origin  is  naturally  one  of  the  first  to  be  tested.    When  we  note  that  the  orbit  of  the  great 
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[Pholo  by  E.  E.  Barnard. 


tL    ,■■-        COMET,  1908,  III  ^MOREHOUSE).     OCTOBER  16,   12m.  57s. 

Morehouse's  Comet  showed  very  rapid  changes  in  the  structure  of  the  tail.    It  here  seems  to  be  discarding  one  tail  and 
forming  another..    Owing  to  the  Comet's  rapid  motion  the  stars  appear  as  lines. 

Comet  of  18S2  almost  grazes  the  Sun's  surface,  there  is  a  natural  tendency  to  attribute  a  solar  origin 
to  it.  We  know  from  the  phenomena  of  the  solar  prominences  that  the  Sun  is  continually  erupting 
torrents  of  matter  with  very  high  sf)eeds  ;  a  speed  of  270  miles  per  second  would  suffice  to  send  the 
matter  round  the  Sun  in  a  circular  orbit  ;  if  it  rose  to  382  miles  per  second  the  orbit  would  be  parabolic, 
while  for  any  intermediate  speed  it  would  be  elliptic.  By  combining  the  observed  speed  of  ascent 
of  the  prominence  matter  with  the  speed  of  approach  or  recession  that  is  indicated  by  the  shift  of 
the  lines  in  the  spectrum,  we  conclude  that  speeds  of  this  order  are  quite  common,  so  that  no  difficulty 
arises  on  that  account.  I  feel  rather  more  difficulty  from  the  consideration  that  the  meteoric  masses 
that  compose  a  Comet's  head  could  not  exist  in  the  Sun  in  a  solid  state  ;  the  heat  would  suffice  to 
vaporise  them.     The  materials  would  solidify  in  the  cold  of  space,  but  as  they  would  be  under  no 


[By  permission  of  the  Astronomer  Roya 


r'rom  Knowledge." 

COMliT  "  C,"    1908  (MOREHOUSE),  ON  OCTOlilCR   27. 
This  Comet,  though  inconspicuous  to  the  eye,  was  full  of  interest  in  the  camera.     The  tail  is  here  seen  to  consist  of  a  number  of  divergent 

streamers,  like  Cheseaux's  Comet  of  1744. 
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TllK    STARS     FOK     OCTOHliR, 
"  Our  plate   show*  the  aspect  of  the  sk>-  as  seen,  lofjkinji  North  and  Stmth.  from  Westminster   Bridge 
will  be  praeticaily  the  same  for  any  place  in  tlie  latitude  of   Great   Britain. 

The  cunstcllations  Will  appear   in   the  positions  shown  on  October   1  at  about   11.30  p.m.   (Greenwich   Mean  Time) 
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pressure,  I  imagine  that  the  resulting  soHd  particles  would  be  microscopically  small,  not  of  the  size 
required  to  form  reservoirs  for  a  large  amount  of  gas. 

All  objects  ejected  by  the  Sun  would  move  in  orbits  that  intersect  the  Sun,  except  in  so  far  as 
their  orbits  are  modified  by  planetary  action.  This  latter  might  readily  be  large  enough  to  change 
the  orbit  to  one  just  outside  the  Sun  (like  those  of  the  sun-grazing  Comets  of  1680,  1843,  1882,  etc.). 
However,  the  great  majority  of  known  Comets  have  orbits  whose  least  distance  from  the  Sun  is  so 
large  that  we  cannot  imagine  an  origin  for  these  by  simple  solar  eruption. 

We  may,  of  course,  carry  our  thoughts  back  to  the  planetesimal  hypothesis,  described  on  pages 
80  to  82  ;  the  existence  of  Comets  was  there  mentioned  as  strengthening  the  hypothesis.  The 
question,  however,  arises  :  Can  the  Comets  have  existed  for  so  long  a  period  in  view  of  the  wastage 
that  they  undergo  ?  According  to  the  geologists  the  date  of  the  approach  of  the  other  Sun  must 
be  put  at  least  a  thousand  million  years  ago  ;  in  such  an  interval,  even  the  Comets  of  longest  period 
would  have  returned  thousands  of  times,  and  I  gravely  doubt  whether  they  could  continue  to  be  such 
compact  bodies  as  they  appear  to  be  ;  I 
frankly  admit  that  I  have  no  plausible 
suggestion  to  offer  for  evading  the  diffi- 
culty ;  it  is  one  of  the  numerous  cases  in 
Astronomy  (the  status  of  the  spiral  nebulae 
i*  another)  in  which  we  must  be  content 
for  the  present  to  record  observed  facts 
abd  suggested  interpretations,  leaving  full 
understanding  to  come  at  a  later  date,  if 
a^  all. 

'(  If  we  hesitate  to  postulate  such  a  great 
age  even  for  the  Comets  of  long  period,  we 
may,  I  think,  summarily  dismiss  the 
possibility  of  such  an  antiquity  for  the 
short-period  ones,  which  have  to  suffer  the 
oft-repeated  disintegrating  agencies  of  both 
Sun  and  planets.  I  have  already  noted 
that  the  effects  of  these  destructive  forces 
are  quite  manifest  even  in  the  short  period 
oyer  which  observation  extends ;  for 
the  Jupiter  family  of  Comets  this  interval 
is  less  than  two  centuries,  yet  it  has 
witnessed  the  definite  demise  of  Biela's 
Comet,  and  the  probable  demise  of 
Brorsen's  and  others,  which  have  failed 
to  reappear  at  the  times  calculated.  It  looks,  in  fact,  as  if  the  life  of  a  Comet  of  Jupiter's  family  is 
limited  by  a  few  centuries,  or  milleniums  at  most,  instead  of  thousands  of  millions  of  years. 

Before  giving  theories  for  the  origin  of  the  Comet  families  belonging  to  the  giant  planets,  it  is 
well  to  describe  these  families  in  somewhat  more  detail ;  that  of  Jupiter  is  much  the  largest, 
consisting  of  some  fifty  members  ;  it  is  impossible  to  give  an  exact  number,  partly  because  new 
members  are  being  added  frequently  (one  very  interesting  member,  the  Comet  Grigg-Skjellerup,  was 
added  in  1922)  and  partly  because  there  are  possibilities  of  identity  among  some  of  the  members.  The 
periods  of  revolution  range  from  five  years  to  nine  years.  I  am  excluding  Encke's  Comet,  because 
it  is  doubtful  whether  it  can  be  classed  as  a  Jovian  Comet.  Its  period  is  three  and  one-third  years, 
and  its  most  distant  point  is  ninety  million  miles  inside  Jupiter's  orbit,  so  that  it  does  not  experience 
very  large  perturbations  at  any  time  ;  the  true  members  of  the  family  are  liable  to  pass  very  near 
Jupiter;    in  fact  most  of  them  have  actually  done  so,  and  experienced  great  disturbances  of  their 


From  "  Knowledge.'' \  \^Fhoto  by  Melotta  and  Davidson, 

COMET,   1908,  III  (MOREHOUSE),  OCTOBER  30,  7h.  47m. 

This  photograph  well  illustrates  the  "  streaming  hair"  aspect  from 

which  the  name    "  Comet  "  was  given.     It  can  be  seen  that  the  tail 

consists  of  divergent  streamers  with  dark  spaces  between. 
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orbits.  Some  in  fact  have  penetrated  Jupiter's  satellite  system  ;  in  such  cases  Jupiter  is  taken  as 
the  controlling  centre  of  the  Comet's  motion  for  the  few  weeks  of  close  proximity,  the  Sun  being 
regarded  simply  as  a  disturbing  planet.  It  will  be  noticed  that  the  action  of  the  Sun  on  Jupiter  is 
taken  into  account  in  the  tables  of  its  motion,  so  all  that  we  require  to  consider  is  the  slight  difference 
of  the  Sun's  action  on  the  Comet  from  that  on  the  planet.  The  more  interesting  members  of  this 
family  will  be  described  in  detail  later. 

Saturn  has  a  family  of  only  two  members.  One  of  them  was  discovered  by  Tuttle  in  1858,  and 
bears  his  name,  though  it  was  found  to  be  the  same  as  one  found  by  Mechain  in  1790.  It  returns 
every  thirteen  and  three-quarter  years,  and  is  due  in  1926.  The  other  was  discovered  by  Peters  in 
1846 ;  the  period  thirteen  years  four  and  a  half  months  was  calculated,  but  it  has  never  been 
seen  again. 

Uranus  has  likewise  a  family  of  two,  one  being  Tempel's  Comet   of  the  November  meteors. 


From  "Kiwwitdge."]  IPkoto  byJIelcalf. 

MOREHOUSE'S   COMET,    1908,    XOVEMBER    15. 

This  picture,  like  several  others,  shows  the  tail  split  up  into  streamers,  like  the  ribs  of  a  tan,  with  dark  spaces  between.    The 

parabolic  hood  round  the  head  will  be  noticed,  also  the  twisted  appearance  of  the  main  tail. 

mentioned  on  page  405,  where  its  identity  with  the  Comet  of  1366  was  stated  to  be  probable.  The 
other  is  Stephan's  Comet  of  1867,  found  to  have  a  period  of  forty  years  one  month,  but  not  seen  again. 
Neptune's  family  is  the  most  interesting  of  any  of  the  four,  since  Halley's  Comet  belongs  to  it  ; 
this  is  the  one  really  brilliant  Comet  whose  appearances  are  capable  of  prediction.  Four  other 
members  of  the  family  have  been  seen  at  a  second  apparition  ;  these  are  (1)  Pons's  of  1812,  recovered 
by  Brooks  in  1883,  when  it  was  an  interesting  object  ;  Trepied  made  a  drawing  showing  a  large  circular 
coma  containing  a  spindle-shaped  nucleus,  also  a  parabolic  hood  on  the  sunward  side,  and  a  short 
tail ;  (2)  Olbers's  of  1815,  recovered  by  Brooks  in  1887  ;  (3)  Brorsen's  of  1847,  recovered  by  Metcalf 
in  1919  ;  and  (4)  Westphal's  of  1852,  recovered  by  Delavan  in  1913  ;  it  was  at  first  fairly  conspicuous 
and  became  just  visible  to  the  naked  eye,  with  a  tail  three  and  a  half  degrees  long  ;   but  it  faded  with 


i 


From  '■  UAslronomie.']  \By  P/jjessor  Max  Wolf. 

I^ARGE    SCAI.I-:    PHOTOGRAPH    OF    MORI-;HOrSE*S    COMKT,    1908,''XOVIOIBI:r    16. 
This  photograph  shows  clearly  the  separate  streamers  of  the  tail,  which  spread  out  like  a  fan.     W'e  have  to  assume  a  repulsive 
{•roc,  from  the  head  of  the  Comet,  as  well  as  from  the  Sun,  to  explain  these  lateral  rays.    The  transj^areiiGy  of  the  tail  is  shown 

^'  tke  visibility*  of  »oiiie  e*tor  iniaj^s  In  ftB  brijjh^cst  ptirtion. 
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surprising  rapidity  ;  another  member  of  the  family,  de  Vico's  of  1846,  was  expected  to  return  in  1921, 
but  has  not  yet  been  seen.  As  the  period  is  not  certain  within  three  years,  it  may  yet  be  found.  There 
is  a  seventh  Neptune  Comet,  discovered  by  Pons  and  Gambart  in  1827.  It  was  not  at  that  time 
noted  to  be  a  short-period  Comet,  so  no  search  was  made  for  its  return  about  1890  ;  a  few  years  ago, 
Mr.  S.  Ogura  of  Japan  rediscussed  the  orbit  and  found  a  period  of  about  sixty-four  years. 

Allusion  has  already  been  made  on  page  108  to  the  possible  existence  of  other  families  that  may 
indicate  the  existence  of  undiscovered  planets  beyond  Neptune  ;  the  evidence  is  somewhat  indefinite, 
but  it  may  be  of  interest  to  give  the  list  of  the  other  Comets  for  which  periods  of  less  than  800  years 
have  been  found,  noting  that  in  all  cases  there  is  an  uncertainty  of  at  least  two  or  three  years,  and  the 
longer  the  period  the  greater  the  uncertainty. 

The  periods  of  the  Comets  in  any  family  are  in  the  neighbourhood  of  half  the  planet's  period. 


From  "  Knovledge.'\  [Pholo  by^Metcalj. 

MOREHOUSE'S   COMET,    1908,    NOVEMBER    17. 
Very  energetic  processes  must  have  been  going  on  in  the  head  of  -this  Comet  to  produce  the  divergent  tails  and  the  complicated, 
ever-changing  aspect  of  the  main  tail.   The  bright  projection  and  arch  in  contact  with  the  head  of  the  Comet  on  its  upper  side 

are  due  to  the  presence  of  a  bright  star. 

or  slightly  less.  For  each  Comet  the  year  of  discovery,  the  name  of  the  discoverer,  and  the  period 
in  years  are  given  :  1862,  Tuttle,  120  years  ;  1889,  Barnard,  128  years  ;  1917,  Mellish,  189  years  ; 
1857,  Peters,  235  years  ;  1885,  Brooks,  274  years  ;  1905,  Giacobini,  297  years  ;  1874,  Coggia,  306 
years;  1840,  Bremiker,  367  years  ;  1861,  Thatcher,  415  years  ;  1861,  Tebbutt,  409  years ;  1898, 
Perrine,  417  years  ;  1793,  Perny,  422  years  ;  1882,  Great  Comet,  772  years.  There  is  room  for  a 
suspicion  of  a  planet  with  period  a  little  under  three  centuries,  and  another  of  about  nine  centuries, 
with  p)ossibly  one  or  two  between,  but  the  data  are  indefinite.  Professor  George  Forbes  presented 
a  paper  to  the  Royal  Astronomical  Society  in  December  1908,  in  which  he  made  the  conjecture  that 
a  planet  exists  with  period  1 ,000  years.  He  suggested  that  the  Comet  of  1.556,  supposed  to  be  identical 
with  that  of  1264,  passed  near  it  about  1702,  and  was  split  into  four  fragments,  which  were  the  bright 
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Comets  of  1843,  1880,  1882,  1887.    He  gives  a  list  of  seven  Comets  that  he  supposes  to  have  passed  near 

the  planet,  and  been  greatly  perturbed.    He  is  obhged  to  give  the  planet  the  very  large  inclination  of 

fifty-three  degrees  ;   the  number  of  near  approaches  in  the  case  of  such  a  distant  planet  seems  to  me 

beyond  what  probability  suggests  ;    but  the  suggestion  is  sufficiently  interesting  to  justify  reference 

to  it.     Professor  W.  H.  Pickering  has  also  drawn  up  a  list  of  several  hypothetical  planets,  based 

partly  on  Comet  statistics.'  "^ In  any  case,  whether  planets  are  there  or  not,  the  Comets  themselves 

demonstrate  that  the  Sun's  domain  is  far  vaster  than  we  should  judge  by  considering  the  planets 

alone  ;    it   is   demonstrably    certain   that 

the    great    majority    of    the    long-period 

Comets  recede  to  more  than  a  thousand 

times  the  Earth's  distance  from  the  Sun, 

or  thirty  times  the  distance  of  Neptune. 

At  that  distance  the  hght  and  heat  would 

be   only   a   miUionth   of   that    which   we 

receive ;     the   Sun   would,    however,    still 

appear  ten  thousand  times  as  bright  as 

Sirius,  so  that  one  would  have  to  go  much 

farther  to  get  beyond  the  region  where  he 

reigns  as  monarch. 

Taking  Comets  as  a  whole,  the  number 

of  those  that  go  round  their  orbits  back- 
wards, i.e.,  in  the  reverse  direction  to  the 

planets,  is  very  nearly  equal  to  that  of  the 

forward-movers  ;    but   when  we  consider 

those  of  short  and  moderate  periods,  there 

is  a  great  preponderance  of  direct  motion. 

There  is  not  a  single  exception  to  this  in 

the  famihes  of  Jupiter  and  Saturn  ;  Uranus 

has   one   retrograde   Comet,   Tempel's   of 

the    November    meteors ;     Neptune    has 

two,  Halley's  and  that  of  1827.     The  only 

other    retrograde    Comet    with    a    period 

under  five  centuries  is  Tuttle's,  associated 

with  the  August  meteors.      Retrograde 

Comets  give  more  brilliant  meteor  showers  ; 

their  motion  being  opposed  to  that  of  the 

Earth,  they  traverse  our  atmosphere  at  a 

higher  speed,  and  are  raised  to  a  higher 

temf)erat«re. 

There  are  two  theories  to  account  for 

the  existence  of  the  Comet-families  of  the 

giant  planets  ;    the  one  usually  accepted 

is  that  these  Comets  were  formerly  long- 
period  ones,  which  happened  to  pass  near  one  of  the  planets,  and  had  their  velocity  reduced  and  period 

shortened.     Since  the  Jupiter  family  is  by  far  the  largest,  and  since  the  orbits  of  its  members  are  much 

better  known  than  those  of  the  others  (with  a  few  exceptions),  it  is  suitable  to  take  it  as  the  basis  for 

discussing  this  theory. 

The  velocity  of  a  Comet  passing  Jupiter's  orbit  with  parabolic  motion  is  eleven  and  a  half  miles 

per  second  ;   on  the  other  hand  the  velocity  of  a  Jupiter  Comet  when  crossing  his  orbit  is  only  about 

five  and  a  half  miles  a  second.     Thus  Jupiter  has  to  deprive  the  parabolic  Comet  of  about  half  of  its 


From  "  Knowledge.' 
COMET,    1908, 


j  [Photo  by  Melotte  and  Davidson. 

Ill  (MOREHOUSE),     NOVEMBER  19,  6h.  4m. 
There  are  evidently  several  different  sheaves  in  the  main  tail,  the 
result  t>f  separate  emissions.    The  short  lateral  tails  are  well  shown. 
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speed  in  order  to  con\crt  it  into  a  member  of  his  Comet  family  ;  the  orbital  speed  of  Jupiter's  fourth 
satellite,  Callisto,  happens  to  be  about  five  miles  per  second  ;  I  am  considerably  understating  the 
case  when  I  say  that  the  Comet  would  have  to  pass  at  least  as  close  to  Jupiter  as  that  satellite,  in 
order  to  suffer  this  reduction  of  speed  ;  it  can  readily  be  shown  that  only  about  one  Comet  in  half 
a  million  would  pass  within  that  distance  of  Jupiter.  The  proof  is  so  easy  that  some  readers  may 
like  to  have  it  :  the  angular  distance  of  Callisto  from  Jupiter  as  seen  from  the  Sun  is  nine  minutes, 
or  0-15  degrees  ;  draw  a  circle  round  Jupiter  with  this  radius,  its  area  in  square  degrees  is  3-142 
multiplied  by  the  square  of  O-IT),  the  product  being  0-0707.  Now.  the  whole  sphere  contains  41,253 
square  degrees,  and  0-0707  goes  into  this  583,000  times.  We  have  already  noted  in  this  chapter  that 
on  the  average  some  three  Comets  approach  the  Sun  each  year  ;  it  would  therefore  take  aim  st 
200,000  years  for  one  new  member  to  be  added  to  the  Jupiter  family  by  capture  ;  this  is  clearly  nothing 
like  enough  to  balance  the  wastage,  of  which  we  have  given  evidence,  and  keep  up  the  supply. 
The  upholders  of  the  capture  theory  are  conscious  of  the  difficulty,  and  seek  to  get  round  it  by  supposing 

that  Jupiter  captures  Comets 
not  at  a  single  swoop,  but  by 
successive  stages,  taking  a 
little  off  the  velocity  each 
time.  As  I  said  above,  I 
have  notably  understated  my 
case,  for  when  a  Comet  passes 
close  to  Jupiter  its  speed  is 
generally  being  increased  for 
part  of  the  time,  and  di- 
minished for  another  part  ;  it 
is  only  the  difference  of  the 
two  actions  that  is  finally 
effective  ;  and  this  is  as  likely 
to  be  in  one  direction  as  the 
other  ;  a  succession  of  near 
approaches,  all  of  which  pro- 
duced diminution  of  speed, 
would  very  seldom  happen. 
Another  objection  that  I  see 
to  the  theory  of  successive- 
diminutions  of  speed  is  that 
on  that  view  there  ought  to  be 
Comets  with  a  wide  range  of 
period,  all  passing  close  to 
Jupiter's  orbit  ;  we  do  not  find  this  in  fact  ;  there  is  a  definite  limit  of  period,  the  largest  periods  of 
members  of  the  family  being  eight  and  a  half  years ;  we  find  nothing  between  this  and  the  thirteen 
and  a  half  years  belonging  to  Saturn's  family.  And  it  should  be  noted  that  the  short  period  does  not 
in  any  way  make  for  stability  ;  if  it  did,  we  might  look  on  its  prevalence  as  a  survival  of  the  fittest  ; 
but  it  merely  gives  additional  opportunity  for  repeated  large  disturbances  by  Jupiter. 

The  fact  that  the  members  of  the  Jupiter  family  have  direct  motion  in  all  cases  appears  to  give 
a  fatal  blow  to  the  capture  theory.  Practically  as  many  Comets  would  approach  the  planet  with 
retrograde  motion  as  with  direct ;  there  is,  indeed,  the  point  that  those  travelling  in  the  same 
direction  as  the  planet  would  remain  longer  in  its  neighbourhood,  and  so  have  more  time  to  be  per- 
turbed, which  has  some  weight  ;  but  that  out  of  some  fifty  Comets  there  is  not  a  single  retrograde 
one  is  too  remarkable  a  fact  to  pass  over,  and  it  clearly  suggests  that  Jupiter  played  a  different  part  from 
that  of  a  mere  enslaver,  and  was  concerned  with  the  origin  of  these  bodies  in  a  more  intimate  manner. 


COMET     (MOUEHOUSR),     Iit09,     JI.\RCH     20.       OBJECTIVK    SPKCTROGR.4M 
ABOVE,  BY  PROFESSOR  CURTIS,  S.\NTIAGO  ;   SPECTROGRAM  OF  CARBON 

MONOXIDE    BEI.OW,    BY    PROFESSOR  A.  FOWXER- 

The  objective  prism  is  very  useful  for  finding  the  spectra  of  faint  objects  Kke  Comets' 

tails.    The  close  agreement  of  the  bright  bands  in  the  orbitary  spectrum  with  those  of 

carbon  mono.xidt-  was  detected  by  Professor  A.  Fowler. 
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Alany  of  the  considerations  that  I  have  brought  forward  were  stated  by  ^Ir.  R.  A.  Proctor  some 
fifty  years  ago  ;  they  have  therefore  been 'quite  accessible  to  astronomers,  who  nevertheless  have  been 
as  a  rule  quite  unaffected  by  them,  so  that  it  is  time  to  state  them  afresh.  The  consideration  that 
the  life  of  a  short-period  Comet  is  limited  by  the  rapid  wastage  to  which  it  is  subject  by  the  'joint 
action     of     the     Sun     and  3o 

Jupiter,  was  not,  I  think,  so 
fully  realised  when  Proctor 
wrote  as  it  is  now.  It 
serves  further  to  invalidate 
the  capture  theory,  since  it 
prevents  our  assigning  to 
these  bodies  such  extended 
lives  as  that  theory  de- 
mands. 

The  theory  that  Proctor 
put  forward  as  an  alterna- 
tive seems  to  be  the  only 
alternative  to  the  capture 
theory  ^  it  is  that  the  giant 
planets  are  themselves  the 
parents  of  their  Comet  fami- 
lies ;  this  view  does  not 
seem  to  me  to  be  unreason- 
able ;  we  have  a  great 
amount  of  evidence  as  to 
the  energy  of  the  processes 
that  are  going  on  in  Jupiter 
and  Saturn,  and  by  infer- 
ence in  Uranus  and  Neptune 
likewise,  though  distance  in 
their  case  hinders  direct 
observation ;  even  on  our 
own  Earth  we  have  had 
some  striking  demonstra- 
tions of  the  power  of  vol- 
canic -energy.  It  is  well 
worth  while  to  study  the 
Royal  Society's  Report  on 
the  eruption  of  Krakatoa  in 
1883.  The  sounds  of  the 
explosions  were  heard  3,000 
miles  away  ;  the  great  sea 
waves  travelled  for 
thousands  of  miles,  while 
the  air-waves  were  traced 
several  times  round  the 
world.  Such  a  huge  volume  of  dust  was  blown  to  the  highest  regions  of  the  atmosphere  that  it  was 
carried  to  every  part  of  the  Earth  and  caused  remarkable  sunset  glows  for  more  than  a  year.  We  are 
entitled  to  expect  much  vaster  convulsions  in  Jupiter,  which  outweighs  the  Earth  300  times,  and  seems 
to  be  in  a  much  hotter  state,  judging  by  the  very  deep  envelope  of  vapours  that  surrounds  it  and  the 


FORMS    OF   COMETS. 

1.  Comet  of  1377  (Cornelius  Gemma).    2.  Comet  of  1680  (J.  C.  Sturm).    3.  Comet  of  1769. 

The  first  picture  shows  the  sword-like  aspect  so  often  ascribed  to  early  Comets.   The  tail 

of  the  1680  Comet  was  remarkably  straight.     That  of  1769  shows  two  faint  divergent 

tails.     These  are  often  seen  on  photographs. 
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rapid  changes,  on  an  enormous  scale,  that  are  constantly  going  on.  In  particular  I  would  ask 
the  reader  to  turn  to  page  28,  where  the  great  Red  Spot  is  pictured  ;  I  do  not  in  the  least  endorse 
the  suggestion  that  is  there  hinted  at,  that  this  may  be  a  stage  in  the  formation  of  a  new  satellite  ; 
but  when  we  consider  the  stupendous  outpouring  of  energy  that  the  spot  indicated  (its  area  was 
as  large  as  the  whole  surface  of  the  Earth)  it  seems  not  at  all  unreasonable  to  imagine  that  a 
sufficient  amount  of  soHd  matter  and  gas  may  have  been  ejected  into  space  to  form  a  new  small 
Comet.  One  or  two  births  per  century  would  suffice  to  balance  the  wastage,  and  there  are  some 
earlier  records  of  markings  resembhng  the  Red  Spot.  On  Saturn  we  can  point  to  the  remarkable 
white  sp)0t  that  appeared  in  the  temperate  zones  some  years  ago ;  it  gave  the  very  long  period 
of  rotation  of  ten  hours  thirty-seven  minutes,  which  seems  to  show  that  the  eruption  causing 
it  came  from  a  great  depth,  where  the  speed  of  rotation  would  be  slower,  owing  to  the  smaller  circle 

to  be  described.  It  seems  likely  that  Saturn 
has  other  Comets  besides  the  two  that  we 
know  ;  some  might  have  orbits  that  did  not 
come  near  enough  for  us  to  see  them.  More 
than  one  observer  has  noticed  that  Uranus  and 
Neptune  show  at  times  a  variation  of  light  in 
ten  and  three-quarters  and  eight  hours  resf)ec- 
tively ;  this  doubtless  indicates  some  large 
marking  on  their  surface  carried  round  by 
the  planet's  rotation,  so  that  here  also  we  have 
some  evidence  of  disturbances. 

I  shall  now  discuss  the  speed  of  ejection 
that  would  be  necessary  to  expel  matter  from 
each  of  the  giant  planets.  This  may  be  taken 
with  sufficient  accuracy  as  the  parabolic  speed 
at  the  siu-face  of  each,  supposing  that  its 
attraction  is  the  only  force  acting.  The  sjjeed 
in  miles  per  second  is  thirty-seven  and  a  half 
for  Jupiter,  twenty-two  and  a  half  for  Saturn, 
thirteen  and  a  quarter  for  Uranus,  thirteen  and 
three-quarters  for  Neptune.  These  speeds  may 
appear  improbably  high  ;  they  undoubtedly 
enormously  exceed  any  speeds  that  we  observe 
in  terrestrial  eruptions  ;  but  observation  indi- 
dicates  that  the  phenomena  occurring  there 
are  on  a  much  grander  scale  than  here,  and  the 
improbabilities  seem  to  me  decidedly  less  than 
those  involved  in  the  capture  theory.  The 
ejection  theory  also  explains  why  we  find  no 
retrograde  orbits  in  the  Jupiter  family,  while  we  find  a  few  in  the  case  of  the  outer  planets.  Jupiter's 
orbital  speed  exceeds  eight  miles  per  second  ;  we  should  need  to  reverse  this,  and  to  give  a  speed  of 
some  miles  a  second  in  the  other  direction.  The  total  speed  at  Jupiter's  surface  would  come  up  to 
fifty  miles  per  second  ;  this  then  would  seem  to  be  a  speed  that  is  not  actually  attained.  On  the 
other  hand,  the  two  outer  planets  have  orbital  speeds  about  half  that  of  Jupiter,  and  the  ejection  speed 
given  above  is  only  one-third  of  his,  so  that  retrograde  motion  becomes  possible. 

When  Proctor  postulated  the  planetary  origin  of  these  Comats  he  pictured  their  birth  as  having 
occurred  in  a  remote  past,  when  the  planets  were  more  sunlike  than  they  are  to-day.  To  me  such 
a  long  life  of  these  bodies  in  a  cometary  form  appears  quite  unlikely,  and  I  conclude  that  if  the 
planetary  origin  is  true  the  birth  of  short-period  Comets  is  still  going  on.     Le  Verrier  conjectured 


THE  GREAT  COMET  OF  1811. 

A  magnificent  Comet  marked  the  year  of  Napoleon's  Russian 

campaign.     It   was  discovered   by  Flaugergues,   and  observed 

for  seventeen  months.     Its  period  is  about  3,000  years.    The 

famous' '  Comet  Port  "  dates  from  1811. 


THE    GREAT   COMET    OF    1843,    MARCH    17    (AS.  SEEN   FROM    BtACKHEATH,    KENT). 
This  picture  shows  well  the  aspect  of  the  long  straight  tails  of  the  Sun-grazing  Comets,  "  running  like  a 
road  through  the  constellations,"  as  Aristotle  expresses  it.   The  Belt  of  Orion  and  pigel  are  shown  high  left  ; 

I.epus,  the  Hare,  is  uildef  them. 


DONATI'S    COMET,    1838,    OCTOBER  3.     (PAPE.) 
The  beautiful  curved  main  tail  is  well  shown.     It  has  a  large  faint  extension  to  the  right,  which  is  not 

shown  in  all  the  drawings. 
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June  26. 


June  28. 


(this  is  the  correct  word  to  use,  though  many  people  say  he  proved  it)  that  Uranus  captured  the 
Comet  of  the  Leonid  meteors  in  a.d.  126.  On  the  alternative  theory  this  would  be  the  date  of  its 
ejection  from  Uranus;  I  incline  to  think  that  a  longer  interval  is  required  to  effect  the  scattering 
of  the  meteors  round  the  entire  orbit,  which  is  proved  by  the  annual  appearance  of  some  of  them. 
Neptune  would  appear  to  be  in  a  condition  favourable  for  the  ejection  of  large  Comets,  since 
two  members  of  his  family  (Halley  and  Pons-Brooks)  are  much  finer  than  any  of  the  Jovian  family. 

This  supports  Professor  Lowell's  view 
that  the  development  of  the  giant  planets 
started  from  the  centre  outwards,  which 
would  explain  why  the  two  outer  ones, 
though  so  much  smaller,  appear  to  be  in 
a  similar  physical  condition  to  Jupiter 
and  Saturn. 

The  two  outer  planets,  though  the 
parents  of  their  families,  are  no  longer 
their  controllers :  Jupiter  and  Saturn 
have  usurped  this  role,  for  the  double 
reason  of  superior  mass  and  of  the 
fact  that  fairly  close  approaches  to 
them  are  much  more  frequent  than 
they  are  with  the  parent  planets.  The 
effect  of  these  disturbances  has  been  to 
shift  the  orbits  away  from  those  of  the 
parent  planets,  so  that  close  approaches 
cannot  now  take  place  ;  thus  while 
Jupiter  can  alter  the  period  of  Hallej's 
Comet  by  two  years  and  Saturn  by 
100  days,  the  efforts  of  Uranus  and 
Neptune  are  limited  to  a  change  of 
a  week. 

Some  people,  noticing  that  the  in- 
clination of  dc  Vico's  Comet  is  eighty-five 
degrees,  have  drawn  the  conclusion  that 
its  major  axis  is  inclined  at  this  angle, 
and  that  it  never  could  have  had  any 
connection  with  Neptune  ;  this  is  a 
mistake  ;  the  inchnation  of  its  major 
axis  is  only  some  seventeen  degrees,  so 
we  have  only  to  go  back  a  few  thousand 
years  to  find  its  orbit  intersecting  that  of 
Neptune. 

This  chapter  began  with  a  study  of 
some    particular   Comets  ;     having    now 
given    a    sketch    of   what   is    known    or 
conjectured  as  to  their  nature  and  origin  I  return  to  the  special  description  of  particular  Comets. 

The  great  Comet  of  1811  claims  a  high  place,  from  its  long  visibility — seventeen  months — and 
from  the  fact  that  it  attained  great  brilliancy  although  its  nearest  point  to  the  Sun  lay  outside  the 
orbit  of  the  Earth.  It  was  discovered  by  Flaugergues  in  March  1811,  and  reached  its  full  splendour 
seven  months  later,  when  its  tail  was  100  million  miles  long  ;  it  had  a  large  round  head,  with  an  almost 
stellar  nucleus  ;   its  period  is  close  to  3,000  years,  but  no  record  of  anj'  previous  return  can  be  found. 


June  30. 


July  1. 


July  0.  July  8. 

THE  COMET   OF    1860,    III.      (C.\PPKLI,ETTI   AND   ROS.\). 

This  picture   illustrates  the  fouhtain-like  jets  issuing  from  the  head. 

and  curving   round  into  the   tail    under  the  influence  of    the  solar 

repulsive  force. 
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It  is  associated  with  Napwleon's  Russian  campaign,  and  also 
popular  fancy  ascribed  this  to  the  Comet,  and  "Comet  port " 

Leaving  for  the  moment  the  1835  apparition  of  Halley's 
of  1843;  it  is  convenient  to  describe  this  in  conjunction 
with  those  of  1880,  1882,  1887,  as  they  had  probably  a 
common  origin  ;  this  is  the  family  of  Sun-grazing  Comets  ; 
their  nuclei  passed  within  400,000  miles  of  his  surface,  and 
the  cometic  envelopes  must  have  actually  brushed  the  Sun. 
An  enormous  sunspot,  with  intense  magnetic  disturbances, 
occurred  shortly  after  the  passage  of  the  1882  Comet, 
which  Proctor  thought  was  a  result  of  the  graze.  The  speed 
of  these  Comets  when  near  the  Sun  was  300  miles  per  second, 
and  they  swept,  out  eight-ninths  of  the  360  degrees  of  their 
orbit  in  a  day,  while  the  remaining  ninth  requires  several 
centuries.  These  Comets  were  so  bright  when  near  the 
Sun  that  they  could  be  seen  at  noon  with  the  naked  eye. 
Their  tails  were  long  and  straight  {see  picture,  page  417), 
and  their  length  shortly  after  perihelion  proved  the  intensity 
of  the  repulsive  force.  To  quote  Sir  J.  Herschel  :  "  Its 
tail,  whose  direction  was  reversed,  and  which  could  not 
possibly  be  the  same  tail  that  it  had  before     .  had 

already  lengthened  to  about  ninety  millions  of  miles,  so 
that  it  must  have  been  shot  out  with  immen.se  force  in  a 
direction  from  the  Sun,  a  force  far  greater  than  that  with 
which  the  Sun  controlled  the  head  of  the  Comet."  As 
regards  the  heat  which  these  Comets  experienced  when 
near  the  Sun,  I  quote  Sir- John  again  :  "  Imagine  a  glare 
25,600  times  fiercer  than  that  of  an  equatorial  sunshine  at 
noonday.  In  such  a  heat  there  is  no  solid  substance  we 
know  of  which  would  not  run  like  water — boil — and  be 
convened  into  smoke  or  vapxiur."  The  successful  photo- 
graphs of  the  Comet  of  1882  obtained  at  the  C/pe,  and  the 
part  they  played  in  leading  to  the  great  photographic  star- 
map,  were  described  on  pages  50-53. 

The  Comet  cf  1680  was  another  sun-grazer  ;  it  is  interest- 
ing as  being  one  of  the  first  whose  orbit  was  deduced  by 
gravitational  methods.  The  Comet  of  1668,  and  a  remarkable 
one  in  371  B.C.,  described  by  Aristotle  as  "  Running  like  a 
road  through  the  constellations,"  probably  belong  to  this 
class  but  the  observations  are  not  precise  enough  to  determine 
the  orbits  with  accuracy. 

Donati's  Comet  of  1858  made  a  great  sensation  ;  he 
discovered  it  on  June  2,  when  it  had  no  tail  and  looked 
simply  a  circular  mist  ;  the  tail  began  to  develop  in  mid- 
August,  and  by  the  end  of  September,  when  the  Comet  was 
near  both  Sun  and  Earth,  it  appeared  as  a  splendid  scimitar, 
with  two  narrow  straight  rays  that  must  have  been  projected 
at  a  greater  speed  than  the  main  tail.  An  interesting 
feature  was  the  passing  of  the  Comet  over  Arcturus  {see 
page  105)  ;   the  star  shone  undimmed  through  the  obstacle  ; 


with  a  remarkable  vintage  in  Portugal  ; 
figured  in  catalogues  until  the  'eighties. 
Comet,  the  next  grand  visitor  was  that 


TEI,ESCOPlC    COMETS. 

Without  nucleus.  With  a  nucleus. 

When  first    discovered   Comets   seldom  have 

tails.     They  may  or  may  not  have  a  central 

nucleus. 


RORDAME-QUftNISSET  COMET,  1893. 
While  the  "'Nineties''  produced  no  brilliant 
naked-eye  Comet,  there  were  several  of  tele- 
scopic interest.  This  one  was  discovered 
independently  by  Rordame  (America)  and 
Quenisset  (France). 


DOX.\TI'S    COMlvT. 

A  very  noted  Comet  with  a  tail  curved  like  a 

scimitar.     It  was  at  its  brightest  in  October, 

1358. 
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in  a  few  cases  of  stars  passing  behind  Comets  a  slight  loss  of  light  has  been  suspected,  also  a  slight 
shift  of  the  star  through  refraction  by  the  gases  in  the  head  ;  the  amount  has  never  exceeded  a  second 
of  arc. 

The  Comet  of  1861  is  interesting  because  the  Earth  passed  through  its  tail,  as  it  also  did  through 
that  of  Halley  in  1910.  In  neither  case  did  we  suffer  any  inconvenience,  but  a  curious  auroral  glare 
was  noticed  in  1861.  When  the  tail  was  close  to  the  Earth  it  looked  like  a  widely  open  fan  {see 
page  421),  this  was  an  effect  of  perspective.  The  drawings  made  by  Professor  Barnard  of  the  tail 
of  Halley 's  Comet  show  a  similar  perspective  effect  (page  401).  The  proximity  caused  the  extra- 
ordinary length  of  that  tail,  which  reached  140  degrees,  the  longest  tail  ever  seen  as  regards  angle, 
though  not  in  miles. 

Wells's  Comet  of  1882,  which  passed  within  five  and  a  half  million  miles  of  the  Sun,  was  at  that 
time  visible  in  daylight  (this  is  the  rule  for  all  such  near  approaches).    It  had  a  pronounced  yellow  colour. 


HK.^DS   AND   TA11,S    OF   COMETS. 

1.   Donati's  Comet,   1858,  September  29.     (C.  P.  Bond.)  2.  Comet  of  18fil,  July  2.     (Warren  De  I^a  Rue.) 

Nowadays  we  trust  to  photography  for  comctary  detail,  but  before   1881  this  was  impossible.      Both  the  above  Comets 

showed  much  interesting  detail  round  the  he-ad,  which  is  only  explicable  on  the  assumption  that  both  the  Sun  and  the  head 

arc  concerned  in  the  expulsion  of  the  tail  matter. 

which  the  spectroscope  explained  by  showing  the  bright  yellow  line  of  sodium,  a  substance  very  widely 
distributed  on  earth,  and  Well  known  as  one  of  the  constituents  of  common  salt.  It  is  probably  present 
in  most  Comets,  but  does  not  make  its  presence  known  except  in  near  approaches  to  the  Sun.  In  this 
connection  it  is  well  to  state  that  Comets  are  not  at  a  high  temperature  when  at  the  Earth's  distance 
from  the  Sun  ;  Comet  panic-makers,  a  race  that  is  unhappily  not  yet  extinct,  always  picture  them  as 
wrapped  in  flames  ;  but  the  glow  of  their  gases  is  probably  akin  to  that  produced  in  vacuum  tubes  by 
electrical  excitement.  The  passage  of  the  Earth  through  Comets'  tails  in  1861  and  1910  did  nobody 
any  harm  ;  e\en  collision  with  the  head  would  probably  involve  nothing  worse  than  a  se^•ere  meteoric 
bombardment. 

The  other  bright  Comets  between  1882  and  the  present  time  are  sufficiently  described  in  the  legends 
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From  "Knowledge." ,  [Afler  R.  A.  Proctor. 

THE    GREAT   COMET   OF    1861. 
When  this  picture  was  made  the  tail  was  very  near  the 
Earth  (which  actually  passe<l  through  it).      The  wide 
opening  of  the  rays  is  an  effect  of  perspective.     The 
"  W  "  of  Cassiopeia  is  high  right,  the  Pole  Star  at  the  top. 

March  12.6 ;  1835,  November  15.9 ; 
1910,  April  19.7  ;    1986,  about  February. 

The  return  of  b.c.  163  is  the  only  one 
of  these  for  which  definite  observations  are 
not  extant.  We  have,  however,  the 
reference  in  Pingre  that  in  that  yeai 
(T.  Gracchus  and  M.  Inventius  being 
consuls)  "  the  Sun  was  seen  at  night  "  at 
Capua  and  Pisaurus.  This  expression  is 
also  used  for  the  Comet  of  Mithridates, 
and  appears  to  denote  an  object  of  great 
brilliancy. 

The  return  of  B.C.  12  is  of  interest 
frem  its  occurrence  within  four  or  five 
years  of  the  birth  of  Our  Lord.  Some 
p)eople  have  tried  to  make  it  the  Star  of 
the  Magi,  but  it  appears  to  be  impossible 
to  push  the  date  of  the  Nativity  so  far 
back.  This  appearance  was  followed  in 
China  in  very  minute  detail ;  the  course 
was  through  the  Twins,  Lion,  Herdsman, 
Serpent.  Scorpion,  its  motion  at  first 
being  rapid  owing  to  proximity  to  the 
Earth.  Dr.  Hind  concluded  that  its  orbit 
must  then  have  been  much  closer  to  the 
ecliptic  than  it  is  now.  He  gave  the 
inclination  as  ten  degrees ;  it  is  now 
eighteen  degrees. 

The  return  of  a.d.  66  is  probably  the 
sword  of  fire  mentioned  by  Josephus  as 
suspended  over  Jerusalem  shortly  before 
its  siege  (page  388). 


under  the  pictures.  I  therefore  proceed  to  give 
some  further  notes  on  Halley's  Comet,  in  continuation 
of  those  at  the  beginning  of  the  chapter.  A  complete 
list  of  the  dates  ot  its  return  to  perihelion  will  prob- 
ably be  useful  for  reference.  The  earlier  dates  are 
uncertain  by  many  days,  the  later  ones  are  known  to 
a  small  fraction  of  a  day  :  B.C.  240,  Ma'y  15  ;  163, 
May  20;  87,  August  15;  12,  October  8;  a.d.  66, 
January  26  ;  141,  March  25  ; 
April  7  ;  374,  February  13  ; 
November  15  ;  607,  March  26  ; 
760,  June  10;  837,  February  25;  912,  July  19; 
989,  September  2  ;  1066,  March  25  ;  1145,  April  19  ; 
1222,  September  10 ;  1301,  October  22-7  ;  1378, 
November  8-8  ;  1456,  June  8-2  ;  1531,  August  25-8  ; 
1607,  October  26-9  ;    1682,  September  14-8  ;    1759, 


218,  April  6  ;  295, 
451,  July  3  ;  530, 
684,  November  26  ; 


COGCUA'S    COIIET,    1874,    JUI.Y    13    (I'.    liKODIi:). 

This  picture  is  notable  for  the  complicated  system  of  "  hoods  "  on    the 

sunward  side  of  the  nucleus  ;    also  for  the  dark  central  region  in    the 

tail,  seen  in  many  Comets,  which  suggests  that  the  head  acts  as  a  sort 

of  screen  to  the  region  immediately  behind  it. 


422 


Splendour  of  the  Heavens 


The  Comet's  course  through  the  lieaveiis  in  a.d.  141  was  very  similar  to  that  in  1066.  In  218 
it  is  mentioned  as  a  fearful  flaming  star,  preceding  the  death  of  the  Emperor  Macrinu's. 

The  return  of  451  coincided  with  the  defeat  of  Attila  at  Chalons.  The  determination  of  the  year  is 
further  strengthened  by  the  mention  of  an  eclipse  of  the  Moon  on  the  night  of  September  26-27. 
The  re\olution  between  451  and  530  is  the  longest  on  record,  being  nearly  seventy-nine  and  a  halt 
years  ;  tliat  between  1835  and  1910  is  the  shortest,  only  seventy-four  and  a  half  years. 

In  607  there  appear  to  have  been  two  bright  Comets  in  the  opening  months.  It  is  not  quite  certain 
which  of  them  was  Halley's,  the  Chinese  descriptions  being  a  little  vague.  In  684  it  was  described  as 
"  like  the  Moon  covered  with  a  cloud."    It  passed  near  the  Pleiades  (page  389). 

The  return  of  760  was 
described  .in  great  detail  in 
China.  In  fact,  Laugier  was 
able  to  identify  the  three 
apparitions  of  451,  760  and 
1378  with  confidence  simply  by 
the  Chinese  records  ;  they  have 
subsequently  been  abundantly 
confirmed  by  computation  of 
the  perturbations.  There  is 
reason  to  think  that  two  Comets 
appeared  in  837  ;  Halley's  was 
seen  in  China  in  March.  Pingre, 
without  knowing  what  Comet 
it  was,  obtained  elements  quite 
similar  to  those  of  H  alley  ;  he 
gave  the  inclination  as  ten  to 
twelve  degrees,  tending  to  con- 
firm Hind's  conclusion  that 
the  inclination  has  increeised. 
A  Comet  reported  in  Europe 
in  April  does  not  accord  with 
the  Chinese  account  ;  it  may 
be  a  different  Comet,  or  the 
discordance  may  arise  from 
the  great  inaccuracy  of  early 
European  observations. 

We  come  now  to  the  famous 
apparition  of  1066,  five  months 
before  the  Norman  conquest. 
The  Comet  was  seen  by  the 
Chinese  in  Pegasus  on  April  2. 
It  was  then  a  morning  star,  but  moved  rapidly  east,  becoming  an  evening  star  in  the  Twins  on 
April  24,  its  tail i then  reaching  the  Plough.  Finally,  it  passed  on  through  the  Crab  into  Hydra  and 
Crater  (the  Cup).  It  was  not  unnatural  that  contemporaries  saw  in  the  Comet  a  portent  of  the 
Conqueror's  campaign,  so  that  it  was  given  a  place  in  the  Bayeux  Tapestry  {see  page  390).  Hind  was 
the  first  to  identify  this  with  Halley's  Comet.  His  predecessors  had  confidently,  but  erroneously, 
taken  the  Comet  of  1006  as  Halley's. 

The  apparition  of  1222  was  one  of  the  few  cases  where  Hind  went  wrong.  He  supposed  the  feeble 
object  of  July,  1223,  to  be  Halley's  ;  the  correct  identification  was  not  obtained  till  the  perturbations 
had  been  carried  back  to  that  point.    The  European  records  are  far  from  clear,  but  we  can  gather  from 


TIIR    COMET    OF    1881.       DRAWN    ON    JUNE   27   (MIDNIGHT)  BY 

MR.   W.   F.  DENNINO,  AT  BRISTOI,, 

This  drawing  was  made  with  a  ten-inch  reflector  and  shows  an  interesting  series  of 

more  or  less  parallel  bands.      The  parabolic  hood  round  the  head  is  shown.      This 

was  the  first  Cornet  to  be  successfully  photographed. 
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the  Chinese  ones  that  the  first  appearance  was  in  Bootes  the  Herdsman,  whence  the  Comet  passed 
through  the  Virgin,  Scales  and  Scorpion,  disappearing  near  Antares. 

Pingre,  however,  misled  by  some  vagueness  in  the  references,  stated  that  the  motion  was  from 
Scorpio  to  Bootes  ;  this  mistake  prevented  Hind  from  detecting  that  it  was  Halley's  Comet.  It  pre- 
sented an  imposing  spectacle.  The  Chinese  say  that  its  tail  was  thirty  cubits  long,  its  body  being  like 
the  planet  Jupiter.  The  European  records  state  that  it  was  of  the  first  magnitude,  very  red,  with  a 
long  thin  pointed  tail,  stretching  towards  the  zenith  :  "  Compared  with  it  the  Moon  appeared  dead  ; 
it  had  no  more  light,  and  it  joined  the  Comet." 

The  return  of  1301  again  shows  the  superiority  of  the  Chinese  records  ;  those  made  in  Europe  gave 
a  misleading  idea  of  the  orbit.  In  fact,  it  was  not  till  1456  that  the  European  methods  showed  superiority, 
but  from  that  point  onwards  they  rapidly  improved,  while  the  Orientals  remained  stationary.  The 
returns  from  1456  to  1835  are  sufficiently  described  at  the  beginning  of  this  chapter,  or  in  the  legends 
of  the  illustrations.  The  1835  apparition  was  not  remarkable  for  brilliancy,  but  many  interesting 
phenomena  were  seen  in  the  telescope  by  Smyth  and  Sir  J.  Herschel  (who  was  then  at  the  Cape),  (see 


THp;    GKKAT    COMIiT    OF    1882    (CH.\KI.OIS). 

This  picture  shows  the  nucleus  and  the  nearly  straight  principal  tail  enveloped  by  a  much  faiirter  hood.     This 

appearance  was  also  seen  in  the  Comets  of  1901,  1910  January. 

page  394).  The  curved  hoods  round  the  nucleus  were  seen,  also  a  luminous  sector  like  that  drawn  by 
Hevelius  in  1682.  The  1910  display  weis  exceedingly  fine  as  seen  from  southern  countries,  though  many 
people  in  England  refused  to  credit  the  fact,  because  the  \iew  here  was  impaired  by  twilight  and  low 
altitude.  The  tail  reached  the  prodigious  length  of  140  degrees,  owing  to  its  being  so  near  the  Earth  ; 
its  great  curvature  was  shown  by  its  continuing  to  be  visible  in  the  morning  sky  for  two  days  after  the 
head  had  become  an  evening  star.  The  Comet  was  followed  for  fourteen  and  a  half  months  after 
perihelion,  as  compared  with  eight  before  it,  proving  that  the  exciting  effects  of  approach  to  the 
Sun  continue  for  some  time  to  increase  the  brightness.  Comets  are  not  all  alike  in  this  respect,  for 
Encke's  Comet  is  generally  easier  to  see  before  perihelion  than  after  it,  when  it  becomes  large  but 
extremely  faint  and  diffu.sed. 

A  few  of  the  short-f)eriod  Comets  have  a  sufficiently  interesting  history  to  merit  a  detailed  descrip- 
tion. Encke's  Comet  was  seen  in  1786,  1795,  1805  by  Mechain,  Caroline  Herschel,  and  Thulis  respec- 
tively ;  but  it  was  taken  for  a  different  object  on  each  occasion  ;  in  1818  the  indefatigable  Comet-hunter 
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Pons  found  it  at  Marseilles.  It  was  on  that  occasion  well 
observed  for  seven  weeks  ;  Encke  undertook  the  discussion 
of  the  observations  and  quickly  found  that  the  orbit 
differed  markedl}'  from  a  parabola,  being  an  ellipse  of 
quite  moderate  size.  He  saw  the  probability  of  identity 
with  the  three  Comets  just  mentioned,  and  by  a  wonderful 
feat  of  computing  he  can-ied  back  the  planetary  perturba- 
tions for  thirty-two  years  in  the  short  space  of  six  weeks, 
thus  rendering  it  certain.  This  achievement  led  to  the 
Comet  being  called  Encke's,  though  he  was  not  the  dis- 
coverer. This  was  the  second  Comet  to  be  recognised  as 
having  appeared  more  than  once,  and  it  has  much  the 
shortest  period,  three  and  one-third 
years,  of  any  known  Comet.  After 
three  periods,  or  ten  years,  the  conditions 
of  visibility  are  nearly  repeated.  Re- 
turns in  the  winter  months  are  the  most 
favourable  for  observation  in  Euroj)e, 
and  it  will  be  noticed  that  those  of  1786, 
1795,  1805  were  all  winter  returns. 
When  the  Comet  returns  in  our  summer 
months,  it  is  only  observable  in  the 
southern  hemisphere.  It  has  not  been 
missed  at  a  single  return  since  1818,  and 
its  orbit  is  therefore  very  accurately 
known.  There  are  several  points  of 
interest  about  it.  It  passes  inside  the 
orbit  of  ^lercury  when  nearest  to  the 
Sun,  and  occasionally  (as  in  1835)  passes 
near  enough  to  that  planet  to  be  con- 
siderably perturbed.  It  is  from  these 
perturbations  that  the  most  reliable 
value  of  the  mass  of  !Mercur\'  has  been 
deduced  ;  Backlund  found  the  value 
one-twenty-seventh  that  of  the  Earth, 
oi  three  times  that  of  the  Moon.  It  is  well  to  note  that  the  result  of  the  perturbations  only  becomes 
manifest  in  the  following  return  ;  in  this  case  in  1838.  They  cause  a  slight  alteration  in  the  speed  and 
direction  of  motion,  but  it  takes  time  for  an  appreciable  disturbance  of  the  Comet's  position  to  develop. 
Suppose  some  small  mishap  to  a  motor  bicycle  caused  the  speed  to  diminish  by  one-tenth  of  a  mile  per 
hour.  (Jne  minute  after  the  accident  the  bicycle  would  be  only  three  yards  behind  the  undisturbed 
position  ;  but  five  hours  later,  it  would  be  half  a  mile  behind,  which  would  be  quite  appreciable.  It  was 
a  near  approach  to  Jupiter  in  1835  that  hastened  the  return  of  Halley's  Comet  in  1910  by  over  a  year. 
Encke's  Comet  shows  an  unexplained  shortening  of  the  period  (apart  from  the  calculated  effect  of 
planetary  action).  Encke  gave  the  period  in  1789  as  1,212-79  days,  and  in  1858  as  1,210-44 days.  As 
twenty-one  periods  intervene,  the  a\erage  shortening  per  period  was  one-ninth  of  a  day,  or  two  hours 
forty  minutes.  It  has  been  conjectured  that  this  may  be  the  result  of  retardation  by  a  resisting  medium  ; 
it  has  been  objected  to  this  explanation  that  other  short-period  Comets  fail  to  show  the  effect.  But  the 
difficulty  can  be  surmounted  by  assuming  that  the  medium  does  not  extend  appreciably  beyond  the 
orbit  of  Mercury  ;  Encke's  is  the  only  one  of  the  short-period  Comets  that  passes  sufficiently  near  to 
the  Sun  to  be  affected  by  it. 


October  22. 
BROOKS'S   COMET   OF    1893    (IV). 

This  pair  of   photographs  (by  Barnard)  shows  the  shattering  of  the 

main   tail  which  occurred  between  October   21   and   22.      The   only 

plausible    suggestion    to  account   for   this  is   the  possible  encounter 

between  the  tail  and  a  stream  of  meteors. 
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A  more  puzzling  feature  has  been  established  by  the  work  of  Prof.  Backlund,  who  continued  the 
minute  study  of  this  Comet  that  Encke  had  begun  ;  this  is  that  the  amount  of  acceleration  in  the 
motion  has  altered  at  certain  dates.  In  1858  it  diminished  by  a  fifth  of  itself,  and  again  diminished 
by  a  like  amount  in  1868.  In  1895  it  again  diminished  bj'  twenty-eight  per  cent.,  and  suffered  a  further 
loss  in  1904  or  1905,  when  the  acceleration  fell  to  one-ninth  of  its  value  before  1858.  In  each  case  the 
change  of  velocity  appears  to  have  taken  place  in  the  neighbourhood  of  perihelion,  and  Backlund  noted 
that  all  the  changes  occurred  at  times  of  considerable  solar  activity,  though  the  evidence  is  too  scanty 
to  assert  that  this  is  other  than  a  chance  coincidence.  It  would  seem  that  the  density  of  the  resisting 
medium  has  diminished  at  the  region  where  the  Comet  crosses  it ;  this  might  arise  from  the  orbit 
intersecting  that  of  a  meteor  swarm,  whose  density  or  the  position  of  its  orbit  was  slowly  changing. 
Backlund  made  a  suggestion  to  explain  the  sudden  diminution  in  brightness  of  the  Comet  after  perihelion. 
It  is  that  the  Comet  particles  are  flat,  and  kept  in  a  particular  plane  by  electrical  forces.  When  the 
Earth  is  in  their  plane  the  particles  are  seen  edgewise,  and  reflect  very  little  light. 

The  return  in  1924  is  a  favourable  one  for  northern  observers,  and  the  Comet  will  be  visible  in  a 
small  telescope  ;  it  may  possibly  be  glimpsed  by  the  naked  eye,  if  one  knows  where  to  look.  The 
nearest  approach  to  the  Sun  will  be  on  October  31.  I  may  mention  that  I  deduced  this  date  by 
making  use  of  the  cycle  of  fifty-nine  and  a  half  years,  being  eighteen  revolutions  of  the  Comet,  and 
about  five  revolutions  of  Jupiter  and  two  of  Saturn.  It  follows  that  the  Jupiter  and  Saturn  perturba- 
tions rep)eat  themselves  almost  exactly,  and  one  is  saved  the  trouble  of  recomputing  them,  unless  one 
is  aiming  at  extreme  accuracy. 

Biela's  Comet  has  already  been  mentioned,  but  deserves  a  fuller  description.  It  was  seen  by 
Montaigne  as  far  back  as  1772,  and  again  by  Pons  in  1805,  but  at  neither  apparition  was  its  short 
period  detected.  It  was  again  seen  by  Biela  on  February  27,  1826,  and  by  Gambart  on  March  9. 
The  French  frequently  call  it  Gambart 's  Comet,  but  while  the  use  of  the  combined  title  Biela-Gambart 
would  be  in  accordance  with  practice  the  omission  of  the  former  name  is  not  justifiable. 

It  was  observed  for  eight  weeks  at  this  apparition,  which  enabled  its  period  (six  and  a  half  years) 
to  be  determined, 
and  its  identity 
with  the  Comets 
of  1772  and  1805 
established.  It 
was  seen  again  in 
1832,  missed  in 
1839  (being  badly 
placed  for  obser- 
vation) and  found 
in  1846  to  have 
divided  into  two 
Comets.  There 
had  been  earlier 
reports  of  Comets 
dividing  into  two 
or  more  portions, 
but  they  were 
less  strongly 
confirmed  than 
this  one,  and  the 
possibility  of  such 
an  occurrence  had 
been  scouted  by 


July  8,  18U3. 


July  13,  1893. 


THE    RORDAME-QUI';XISSET    COMET,    1893  (II).     (W.  J.  HUSSEV). 

The  notable  feature  of  the  tail  of  this  Comet  is  that  it  is  distinctlj-  narrower  than  the  coma.      Its 

motion  among  the  stars  was  rapid,  hence  they  appear  as  lines.      Various  knots  can  be  seen  in   the 

tail.    Their  outward  motion  gives  a  measure  of  the  repulsive  force. 
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the  great  Cometographer  PingrJ.  There  were  perplexing  changes  of  brightness  in  the  two  components. 
Both  the  components  were  seen  again  in  1852  somewhat  farther  apart,  but  since  that  date  they  have 
never  been  seen,  though  meteor  showers  belonging  to  the  Comet's  system  have  been  observed  on 
several  occasions,  notably  in  1872.  The  orbit  intersects  that  of  the  Earth,  and  this  fact  caused  much 
absurd  panic  in  1832.  As  a  matter  of  fact  the  Earth  was  a  month's  journey  distant  when  the  Comet 
crossed  its  orbit,  but  even  if  collision  had  occurred  there  was  no  reason  to  apprehend  serious 
consequences. 

The  Comet  Pons-Winnecke  (often  but  wrongly  called  simply  by  Winnecke's  name)  was  discovered 
by  Pons  in  1819,  and  at  that  time  found  by  Encke  to  have  a  period  of  five  and  a  half  years.  It  was  not, 
however,  seen  again  till  it  was  recovered  by  Winnecke  in  1858,  since  which  year  it  has  been  seen  at  most 
of  its  returns,  the  last  being  in  1921,  when  there  was  again  some  popular  apprehension  owing  to  a  fairly 
close  approach  to  the  Earth.  An  interesting  feature  of  the  orbit  of  this  Comet  is  the  large  increase  that 
has  taken  place  in  the  distance  of  the  Comet  from  the  Sun  at  the  point  of  nearest  approach. 


Ajltf  Lonebotlom.i  DEL.W.'VN'S   COMET,    SKPTEMBIvR,    1914.  ./><""    •  Kiiouledge:' 

This  Comet  was  discovered  nearly  a  year  before  its  nearest  approach.     It  became  an  interesting  object  in   the  tclesco]>c,  and 

it  was  only  its  great  distance  from  the  Sun  that  prevcnte<l  it  from  being  splendid      It  markctl  the  oix-ning  of  the  A\'ar. 

In  1819  the  distance  was  72  million  miles,  not  much  more  than  that  of  Venus  ;  in  1875  it  was 
77  million,  in  1886  82  million,  in  1898  86  million,  in  1921  96  million,  or  two  million  miles  outside  the 
Earth's  orbit. 

Pons  also  saw  a  Comet  on  two  days  in  February,  1808,  which  is  likely  to  be  the  same  one.  It  is 
also  not  quite  impo.ssible>  that  it  may  be  identical  with  one  found  by  Helfenzrieder  in  1766,  and  calcu- 
lated to  have  a  period  of  about  five  years.  Its  least  distance  from  the  Sun  was  only  38  million  miles, 
very  little  greater  than  that  of  Mercury.  These  changes  are  known  to  be  mainly  due  to  the  action  of 
Jupiter,  to  which  the  Comet  has  made  several  fairly  close  approaches.  Any  person  with  leisure  to 
carry  back  the  computation  of  perturbations  from  1819  to  1766  could  .settle  the  question.  The  meteors 
belonging  to  the  Comet  were  seen  for  the  first  time  in  1916,  when  they  provided  quite  a  notable  display, 
a  smaller  one  following  in  1921  ;  previously  the  orbit  had  been  too  distant  from  that  of  the  Earth  to 
permit  of  their  being  seen.  The  period  of  the  Comet  has  lengthened  from  five  and  a  half  to  six  years, 
and  another  approach  to  the  Earth  will  occur  at  the  end  of  June,  1927,  when  Mr.  C.  ^lerfield  calculates 
that  it  will  be  only  two  million  miles  away.  As  the  meteors  are  scattered  on  each  side  of  the  Comet's 
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J-rom  "  L'Astronomie.'' 

THE    SECOND    COMET    OF   THE    YEAR    ISOl, 

This  Comet,  which  appeared   about  Christmas,   1301,  in  the  Waterman  and   the  Fishes,  was 

apparently  not  that  of  Halley,  which  appearetl  in  September,  1301,  and  followed  a  course  verv 

similar  to  that  in  ItiuT.     (See  the  lower  figure,  page  392.) 


track,  they  may  again 
be  seen  then  ;  but  as 
they  share  in  the  out- 
ward shift  of  the  orbit 
it-  would  seem  that 
this  shower  is  not  Hke- 
ly  to  be  visible  for 
more  than  a  few  years 
in  the  future. 

Wolf's  Comet 
affords  a  good  illustra- 
tion of  the  fact  that 
the  action  of  Jupiter 

may  work  in  either  direction.     The  Comet  was  first  seen  in  1884,  when  it  was  found  by  calculating 

back  that  it  had  been  near  Jupiter  in  1875  ;  before  that  date  its  orbit  passed  so  far  outside  that  of  the 

Earth  that  the  Comet  was  too  faint  to  observe.     The  Comet  was  again  near  Jupiter  in  the  autumn 

of  1922,  and,  curiously  enough,  Jupiter  seems  to  have  exactly  reversed  its  behaviour  in  1875,  sending 

the  Comet  back  into  its  former  orbit.     There  is  just  a  chance  that  powerful  telescopes  may  be  able 

to  pick  it  up  in  1925,  its  position  being 

known.      Otherwise  it  will  have  to  be 

added  to  the  list  of  lost  Comets. 

Holmes's  Comet  of  1892  behaved  in 

an  unusual  manner.       When  found  it 

was  very  bright,  in  the  same  field  with 

the  Great  Andromeda  nebula.     It  must 

have     brightened     fairly    rapidly,     as 

photographs  of  the  region,    taken    not 

long  before,  failed  to  show  it.     It  then 

commenced  to  expand,  becoming  fainter 

as  it  did  so,  and  at  the  end  of  two  months 

it  was  so  large  and  faint  that  it  war. 

practically    impossible    to    observe    it. 

Then,  to  the  surprise  of  astronomers,  a 

new    bright    legion    appeared    in    the 

middle  of  it,  which  in  turn  expanded 

and  grew  fainter.     We  may  conjecture 

that    something   in   the   nature   of   an 

explosion,  driving  the  cometary  matter 

violently  outwards,  occurred    on    each 

occasion.      The  Comet  was  seen  again 

in  1899  and  1906,  but  never  repeated 

its  brilliant  display  of  1892.     In  1919 

it  could  not  be  found,  though  its  posi- 
tion   was    favourable,    so    it    probably 

affords  another  case  of  disintegration. 
Brorsen's  is  the  second  lost  Comet  of 

short  period.    It  was  found  by  Brorsen 

at    Kiel    on    February    26,    1846 ;    its 

orbit  was  proved  to  be  an  ellipse  with 

period  about  live  and  a  half  years  ;  it 


METEORS  IN  THE  WAKE  OF  \   COMET. 

Besides  the  tail  of  a  Comet,  which  does  not  lie  along  its  orbit,  the  Comet 

is  followed  by  an  assemblage  of  meteoric  debris.     It  nmst,  however,  be 

understood  that  this  is  not  visible,  as  the  picture  suggests.     The  meteors 

cannot  be  seen  unless  they  enter  the  ICarth':;  atmosphere. 
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was  well  placed  for  observation  at  alter- 
nate returns,  being  missed  in  1851,  seen 
in  1857  (fairly  bright  and  large),  missed  in 
1862,  observed  in  1868,  1873  and  1879  ; 
in  the  last  return  it  was  bright  enough  for 
observations  of  its  spectrum  to  be  made  ; 
this  was  of  the  usual  hydrocarbon  type. 
It  has  never  been  seen  since  1879,  though 
it  was  carefully  sought  for  in  1890,  when 
its  position  as  calculated  was  quite  favour- 
able. There  was  no  very  close  approach 
to  Jupiter  about  this  time  to  account  for 
the  disappearance.  It  must  have  been 
near  Jupiter  in  1842,  before  it  was  dis- 
covered, but  another  close  approach  is  not 
due  till  1937.  Its  disappearance  illus- 
trates the  general  fact  that  we  cannot 
predict  that  an\'  of  the  short -period  Comets 
will  actually  be  observed  in  a  particular 
year ;  in  several  cases,  even  when  the 
perturbations  have  been  calculated,  and 
the  conditions  seem  favourable,  search  has 
been  made  in  vain. 

The  latest  addition  to  the  Jupiter 
family  is  the  Comet  Grigg-Skjellerup.  Mr. 
John   Grigg.    of   Thames,    New   Zealand, 


Drauit  by' 


[H.  C.   Wilson. 


FORM  01~  C0MI:TARY  ORBITS. 
Several  Gists  i>f  all  <if  the  above  forms  of  orbit  are  known, 
though  the  hyperbolic  ones  are  almost  iiulistiiij;uishable 
from  the  paraljolie.  Near  the  Sun  the  shapes  of  all  three  forms 
are  similar,  so  observation  over  a  fairly  long  arc  is  necessary 
to  decide  the  character  of  an  orbit. 


THE  COMET  FAMILIES  OF  SATURN,  T RANTS,  AND  NEPTUNE 
The  picture  shows  how  the  aphelia  of  the  Comet  orbits  are  grouped 
near  the  orbits  of  the  parent  planets.  Saturn  luis  two  Comets  (Tuttle 
and  Peters),  Uranus  two  (Tempel  and  Coggia),  but  Neptune  has  seven, 
that  of  the  1827  Comet  not  being  shown.  Halley's  is  a  splendid  Comet 
by  far  the  grandest  of  all  the  periodic  ones,  while  the  Pons-Brooks 
Comet  is  also  interesting.  F'ive  of  the  Neptune  Comets  have  been  seen 
at  two  apparitions,  at  least. 

found  a  faint  Comet  in  Virgo  on  July  22,  1902. 
He  sent  a  telegram  to  Melbourne  Observatory, 
but  this  was  delayed  for  some  reason,  so  we  have 
no  observations  except  the  discoverer's,  which  are 
unfortunately  very  rough,  and  extend  over  only 
twelve  days.  They  were  quite  inadequate  to  show 
the  ellipticity,  and  a  parabolic  orbit  was  assumed. 
However  in  May,  1922,  Mr.  Skjellerup  found  a 
Comet  at  the  Cape  of  Good  Hope  ;  when  it  had 
been  observed  for  some  days  Messrs.  Crawford  and 
Leuschner,  of  Berkeley,  California,  deduced  that  it 
had  a  short  period,  and  conjectured  that  it  was 
identical  with  Grigg's  Comet  of  1902  ;  subsequent 
calculations  by  Mr.  G.  Merton,  utihsing  some 
photographic  observations  made  at  Greenwich 
two  and  a  half  months  after  the  discovery,  made 
the  identity  almost  certain.  The  Comet  had  com- 
pleted four  revolutions  in  the  interval,  its  period 
being  five  years  less  eleven  days.  The  Comet 
should  be  seen  again  in  1927,  at  about  the  same 
time  as  the  Comet  Pons-Winnecke  ;  its  period  is 
the   shortest    of    any    known    Comet,    with    the 
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exception  of  Encke's.  Another  Comet  of  interest  is  that  of  Giacobini,  discovered  in  December,  1900, 
and  found  to  have  a  period  of  six  and  a  half  years.  It  was  seen  again  in  1913,  and  may  be  expected 
again  in  the  autumn  of  1926,  when  it  will  be  near  the  Earth  ;  this  is  one  of  the  Comets  that  may  be 
expected  to  give  a  meteor  shower,  owing  to  its  orbit  passing  near  the  Earth's  position  in  October. 

A  Comet  found  by  Neujmin  on  September  6,  1913,  has  a  period  of  eighteen  years.  Its  appearance 
was  unusual ;  it  frequently  showed  no  nebulosity,  and  looked  exactly  like  an  asteroid  ;  however,  on 
September  24  a  short  fan-shaped  tail  was  photographed  at  Heidelberg. 

Some  explanation  may  be  given  of  the  method  by  which  a  Comet's  orbit  is  deduced  from  the  obser- 
vations. Three  observations  are  required  to  obtain  an  orbit ;  each  observation  consists  of  two  elements, 
which  are  called  Right  Ascension  and  Declination,  corresponding  exactly  with  longitude  and  latitude 
on  a  terrestrial  map.  We  thus  have  six  observed  quantities,  which  conjoined  with  the  times  of  obser- 
vation enable  us  to  deduce  the  six  elements  of  the  orbit  ;  these  are  (1)  the  time  of  passing  perihelion, 


[A.  C.  D.  Crommelin, 

VELOCITY    OF   COMETS    IN    PARABOLIC    ORBITS. 

The  parabolic  curve  is  familiar  as  being  the  course  of  a  rocket  or  a  jet  of  water  from  a  hose.    Jlost  Comets  have  appreciably 

parabolic  orbits.     The  velocity  in  such  an  orbit  is  the  resultant  of  two  equal  constant  velocities,  one  perpendicular  to  the  axis, 

the  other  perpendicular  to  the  line  joining  Sun  and  Comet.     At  the  vertex  A  the  two  components  are  in  the  same  direction, 

so  the  resultant  velocity  is  greatest  here,  and  gets  steadily  smaller  as  we  pass  away  from  this  point. 

(2)  the  direction  of  the  perihelion  point  looking  from  the  Sun,  (3)  the  direction  of  the  ascending  node 
or  point  where  the  Comet  crosses  the  plane  of  the  Earth's  orbit  from  south  to  north,  (4)  the  inclination 
or  slope  of  the  orbit  to  that  of  the  Earth,  (5)  the  distance  from  the  Sun  at  perihehon,  (6)  the  period  of 
revolution,  or  the  eccentricity  ;  we  can  deduce  one  from  the  other  when  we  know  (5). 

In  the  case  of  an  elliptical  orbit  we  need  all  the  six  observed  quantities  ;  these  in  some  cases  yield 
one  solution,  and  in  others  two  solutions ;  but  if  we  commence  by  assuming  the  orbit  parabolic  (which 
is  generally  done  in  the  case  of  new  Comets),  we  treat  (6)  as  known,  the  eccentricity  being  unity  and 
the  period  infinite  ;  we  then  need  only  five  observed  quantities,  and  the  accuracy  with  which  the  sixth 
quantity  fits  in  with  the  deduced  orbit  is  a  test  as  to  whether  the  orbit  is  really  parabolic  ;  but  it  is  not 
safe  to  assume  an  elliptical  orbit  from  a  short  observed  arc,  as  the  discordance  may  simply  arise  from 
want  of  precision  in  the  observations.     A  Comet  is  frequently  ill-defined,  and  difficult  to  observe 
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accurately.       Without     entering     into 

mathematical  details  we  may  note  that 

the  distance  of  the  Comet  from  the  Sun 

is  deduced  from  the  curvature  of  the 

observed  arc,   that    is  the  amount  by 

which    the    three    observed    positions, 

when   plotted   on   a   diagram,   deviate 

from  a  straight  line.     Part  of  the  cur- 
vature is  due  to  the  fact  that  the  Earth 

from  which  our  observations  are  made, 

is  itself  following  a  curved  path  round 

the  Sun.     A  trial-and-error  method  is 

generally  necessary  to  separate  the  cur- 
vature due  to  this  source  from  that  due 

to  the  Comet  itself. 

Lambert  deduced  an  elegant  theorem : 

if  the  observed  arc  is  concave  towarfls 

the  Sun,  then  the  Comet  is  nearer  the 

Sun  than  the  Earth  is  ;  if  the  arc  is 

straight,   the  distances  of  Comet   and 

Earth  from  the  Sun  are  equal  ;  if  it  is 

convex  towards  the  Sun,  the  Comet  is 

the  more  distant.     This  test  fails  if  all 

three  positions  lie  on  (or  very  close  to) 

the  ecliptic  ;  in  that  case  the  plane  of 

the  orbit  agrees  with  that  of  the  Earth's 

orbit  and  the  arc  appears  straight  at  all  distances.    We  then  need  a  fourth  observation  to  find  the 

orbit  elements,  which  are  deduced  from  the  change  of  rate  of  motion  of  the  Comet,  instead  of  the 

curvature,  which  is  now  zero. 

There  are  now  very  few  astronomers  engaged  in 
the  search  for  new  Comets,  and  this  may  be  recom- 
mended as  a  hopeful  field  of  work  for  the  amateur 
who  possesses  a  small  telescope.  He  should  use  his 
lowest  power,  and  sweep  by  preference  over  the  low 
western  sky  just  after  dark,  and  the  low  eastern 
sky  just  before  the  dawn.  A  Comet  may,  however,  be 
found  in  any  region  of  the  heavens.  In  cases  where  a 
tail  is  present,  the  cometary  nature  of  the  body  may 
be  at  once  manifest  ;  but  in  most  cases  a  new  Comet 
appears  as  an  ill-defined  misty  patch,  and  there  is 
danger  of  confusion  with  nebula;.  In  these  cases  no 
definite  announcement  should  be  made  until  the 
object  has  been  seen  to  move  among  the  neigh- 
bouring stars.  A  careful  diagram  of  the  field  should 
be  made,  and  repeated  an  hour  later.  The  observer 
must  not  be  deceived  by  the  apparent  rotation  of  the 
field  produced  by  the  diurnal  motion.  A  star  that  is 
high  left  of  another  east  of  the  meridian  will  appear 
high  right  after  passing  the  meridian.  This  change 
corresponds  to  a  page  of  a  book  being  slowly  turned 


The    branck    C00v«K    to  tk  Sun     tnlnitl    U 
Crilfed      under   a     rebuljii'C     Corce     K. 


A  HYPERBOI.IC  ORBIT. 
The  study  of  Orbits  is  incomplete  without  including  the  hyperbola.  A 
few  Comets  move  in  hyperbolae,  which  are,  however,  nuich  closer  to 
parabolae  than  the  one  in  the  picture.  The  tail  matter  of  Comets  descriljes 
the  convex  branch,  under  a  repulsive  force  from  the  Sun.  The  distant 
part  of  the  curve  practically  coincides  with  the  asj-niptotes. 


UIAC.KAM     II,I.L'STR.\TIXG     THE     MJJTHOD     OF 
IJI.STINOLISHIXG  A  MOVING  NEBUI,OUS  OBJECT 

IN    A    FIELD    OF   FIXED    STARS. 
Sometimes  objects,  suspected  of  being  Comets,  are  really 
nebulit,  stationary  among  the  stars.  A  Comet,  if  watched, 
will  be  seen  to  move  through  the  stars,  as  shown  by  the 
arrow.     This  test  should  be  applied  wherever  iK)ssible. 
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round  ;  whereas  the  change  required  to  prove  the  cometary  character  of  the  body  corresponds  to  one 
letter  on  the  page  shpping  out  of  its  place  in  a  word. 

If  the  discovery  is  confirmed  b}-  observed  motion,  prompt  and  full  information  should  be  sent  to 
official  astronomers  ;  the  discoverer,  if  first  in  the  field,  will  have  the  satisfaction  of  having  his  name 
permanently  attached  to  the  body.  There  are  now  no  exceptions  to  this  rule,  though  in  the  past  there 
are  some  cases  where  the  names  of  men  who  have  made  extended  researches  on  a  Comet  are  substituted 
for  the  actual  discoverers.    Halley's  and  Encke's  Comets  are  examples. 

FALLING   STARS. 
Bv  W.  F.  Denning,  F.R.A.S. 

That  branch  of  Astronomy  relating  to  objects  variously  known  as  Fireballs,  Bolides,  Meteors,  and 
Fcdling  Stars  is  a  modern  one  so  far  as  its  systematic  study  is  concerned.  For  ages  and  ages  the 
sky  had  given  striking  evidence  of  these  brilhant  but  transient  phenomena,  and  they  were  sometimes 
commented  on  but  regarded  with  superstitious  awe,  and  mistaken  in  their  meaning  and  character. 
They  were  supposed  to  be  atmospheric  in  origin  and  due  to  the  ignition  of  columns  of  gases  generated 


i»«g  by'  UV-   F.   Dentting. 

MOVKMK.NT    OF    THE    PERSEID    R.aiDIANT    DURINO    JUI,Y    AND    AUGUST, 
The  members  of  a  stream  of  meteors  move  in  parallel  paths,  but  the  Earth,  during  the  weeks  of  its  passage  through  a  broad 
stream,  is  constanUy  altering  the  direction  of  its  motion  as  it  revolves  round  the  Sun.  The  effect  of  this  is  to  make  the  meteors 

appear  to  come  from  a  slightly  different  point  each  night. 

in  the  air.     Men  had,  however,  made  these  assumptions  based  on  imperfect  knowledge,  and  had 
commenced  to  theori.se  before  they  had  sufficiently  observed. 

Thus  Meteoric  Astronomy  remained  in  a  practically  neglected  and  uncultivated  condition  until 
about  one-third  of  the  Nineteenth  Century  had  passed.  Then,  in  1833,  fortunately  one  of  those 
brilliant  and  rare  celestial  spectacles — a  great  meteoric  storm — occurred  which  made  people  stop 
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and  wonder.  Thereafter,  it  engaged  the  thoughtful  attention  of  mankind  and  brought  the  dawn 
of  a  new  and  more  reliable  Meteoric  Astronomy.  Heis,  Coulvier-Gravier,  and  their  contemporaries 
began  to  make  habitual  observations  of  a  more  exact  and  extensive  nature  than  had  been  hitherto 
attempted,  and  gradually  the  truth  began  to  be  realised  that  Falling  Stars  belonged  to  the  domain 

of  celestial  phenomena 
and  came  from  outside 
space  to  be  consumed 
in  our  atmosphere  as  a 
result  of  its  resistance 
to  their  violent  impact. 
They  were  seen  to  be 
small  planetary  bodies 
moving  in  orbits  around 
the  Sun,  and  Schiapar- 
elli's  discussions  soon 
proved  that  they  were 
allied  to  comets  and 
really  manifestations  of 
these  bodies  in  another 
form.  Falling  Stars 
were  henceforth  re- 
garded as  an  important 
and  attractive  branch 
of  Astronomy.  One  of 
the  most  striking  and 
vivid  aspects  of  Nature 
is  presented  when  a 
large  Meteor  bursts 
upon  the  view.  Night 
is  transformed  into  day 
for  a  moment  as  a 
globe  of  light,  electric 
in  its  dazzling  inten- 
sity, gUdcs  athwart  the' 
firmament.  A  stream 
of  sparks  follows  it,  but 
the  whole  apparition 
quickly  dies  away, 
leaving  the  shades  of 
night  blacker  than  be- 
fore from  the  effects  of 
contrast. 

People  have  won- 
dered in  all  ages  what 
these  great  celestial 
bombshells  are  and  how 

they  come  to  make  such  lustrous  displays  on  the  deep  azure  of  our  nocturnal  skies.  Science  answers 
that  they  are  the  stone,  or  stone  and  iron,  fragments  of  wasting  cometary  systems  revolving  around 
the  Sun  and  encountering  the  Earth  in  her  orbit.  Dashing  into  her  atmosphere  at  a  velocity  differing, 
according  to  the  conditions,   from   forty-four   to  eight   miles   per  second,    they   become  heated  as 


TlvRRESTRI.-U,   PERSPKCTIVE. 

In  the  interior  illustrated  above  the  lines  which  recede  from  the  observer  apiJcar  to  converge 

towards  one  spot,  known  to  artists  as  the  "  vanishins;  ix)int."    Actually,  of  course,  these  lines 

are  all  parallel  and  maintain  constant  distances  from  one  another  ;   their  apparent  convergence 

is  only  an  effect  of  the  position  of  the  observer. 


I 


Drawing  by]  [  W.  F,  Denning. 

CEI<ESTIAI,  PliRSPECTIVE. 
The  members  of  a  shower  of  meteors  appear  to  move  radially  outward  from  a  common  caitrc,  like  the  spokes  of  a  wheel.  In 
reality  all  are  moving  in  parallel  paths  and  their  apparent  divergence  is  an'efTect  of  perspective.  Much  the  same  effect  would 
be  obtained  by  placing  a  camera  among  a  nmnber  of  telegraph  wires  and  taking  a  photograph  of  the  nearest  post.  As  a  rule, 
the  meteors  composing  a  shower  appear  at  intervals,  one  by  one,  but  occasionally  (as  in  1833  and  1860)  a  large  number  appear 
together,  and  the  effect  illustrated  above  is  then  strikingly  brought  out. 
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a  result  of  air  resistance.  Incandescence  occurs  and  so  the  rushing  fireball  develops  its  transient 
glories,  and  sometimes  its  terrifying  explosions  are  heard  in  the  stillness  of  night.  Our  atmosphere 
is  our  protection.  ^lyriads  of  Meteors  pwur  into  it  every  hour,  yet  only  one  of  millions  can  jjenetrate 
right  through  the  vaporous  envelof)e  and  hurl  itself  to  the  ground.  In  the  fiery  ordeal  to  which  they 
are  subject  nearly  all  of  them  perish  far  above  the  Earth's  surface  and  are  reduced  to  the  dust  out 
of  which  they  had  their  being. 

A  Fireball  seen  on  November  23,  1877,  caused  a  deafening  sound  which  was  computed  by  Colonel 
Tupman  to  be  at  least  one  hundred  times  greater  than  a  peal  of  thunder. 

We  may  hold  a  Meteorite  in  our  hand  and  look  upon  a  wonderful  object  which,  for  millions  of 
years  in  the  past,  had  jjerhaps  been  circulating  not  only  among  planets  and  comets,  but  far  outside 
the  boundaries  of  our  Solar  System. 

Possibly  the  great  clouds  and  streams  in  which  they  revolve  were  originally  ejected  from  planets 

or  remote 
stars.  In 
any  case 
s  pa  ce  is 
teeming 
with  them 
and  we  know 
not  their  ex- 
act source  or 
ultimate 
destiny.  In 
the  bright 
flash  which 
attracts  the 
eye  in  the 
darkness  of 
a  midnight 
hour,  we 
only  per- 
ceive the 
ignition 
and  collapse 
of  a  little 
planetary 
world ! 

Early 
historical  re- 
cords of  Me- 
teors do  not 
materially 
help  modern 
investiga- 
tions, as 
they  were 
THE  c.-\PTURE  OF  THE  LEONIDS.  Usually   im- 

Calculation  shows  that  in  the  year  a.d.  126  the  swarm  of  meteors  which  we  now  kn<™-  as  the  I^conids  made 

a  very  dose  approach  to  the  large  planet  Uranus,  whose  Rravitatioual  attraction  entirely  altered   the  size  periect    and 

and  shape  of  their  orbit  round  the  Sun.  The  direction  of  motion  was  also  changed,  and  the  meteors  now  inaCCUrate. 
revolve  in  a  direction  opposite  to  that  of  the  planets.     Since  the  year  126  the  shape  and  size  of  the  orbit  have  . 

not  changed  mudi,  but  it  has  shifted  round  bodily  in  an  anti-clockwise  direction.  Ancient 
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references  to  certain 
remarkable  star- 
showers  have  been  of 
some  httle  service, 
however,  and  Her- 
rick  and  Quetelet 
were  successful  in 
forming  lists  of  these 
and  thus  guiding  and 
assisting  enquiries  as 
to  past  periodical  re- 
turns of  the  Lyrids  of 
April,  the  Perseids  of 
August,  and  the  Leo- 
nids of  November. 
Chronicles  of  former 
meteoric  displays 
though  quaint,  vague 
and  imjjerfect  in  cer- 
tain respects,  fur- 
nished the  dates  and 
proved  that  Perseids 
in  past  times  came  in 
July  and  Leonids  in 
October. 

Biot  discovered  in 
the    Matuanlin     (an 

ancient  Chinese  record  of  events)  sixteen  falls  of  Aerolites  for  the  interval  between  the  middle  of  the 
Seventh  Century  B.C.  and  the  year  333  of  our  era,  whereas  Greek  and  Roman  writers  only  mention 
four  of  these  phenomena. 

Humboldt,  in  his  "  Cosmos,"  made  some  interesting  references  to  meteoric  history,  and  gave  sojne 
useful  advice  which  might  well  be  considered  at  the  present  day  :  "  The  progress  of  our  knowledge 
concerning  igneous  meteors  will  be  the  more  rapid  the  more  impartially  facts  are  separated  from 
opinions,  so  tjiat,  while  carefully  sifting  or  testing  all  alleged  particular  facts,  on  the  one  hand,  we 
may  not,  on  the  other,  fall  into  the  error  of  rejecting  as  bad,  or  as  uncertain  observations,  whatever 
results  we  are  not  yet  able  to  explain.  It  appears  to  me  most  important  to  separate  physical  relations 
from  those  geometrical  and  numerical  relations  which  admit,  generally  speaking,'  of  more  certain 
and  assured  investigation." 

The  Chinese,  Chaldeans,  and  others  among  the  ancients,  must  have  frequently, noticed  striking 
examples  of  falling  stars  and  fireballs,  though  they  misunderstood  their  meaning  and  f a'lIM  to  xealis^:' 
their  importance.    The  Chinese,  fortunately,  made  it  a  practice  to  record  notable  events  in  register^f 
and  we  have  to  thank  them  for  the  oldest  descriptions  of  meteoric  falls.    These  date  back  to  644  years 
before  the  Christian  era.  •  >.  >      :    •:;).■''.■'->  v 

The  views  of  old  natural  philosophers  regarding  these  phenomena  were  not  always  crude  and 
erroneous,  for  Plutarch,  in  the  "  Life  of  Lysander,"  says  :  "  It  is  a  probable  opinion  which  was  held 
by  those  who  said  that  shooting  stars  are  not  emanations  or  overflowings  from  the  ethereal  fire 
which  become  extinguished  in  the  air  immediately  after  being  kindled,  and  that  neither  are  they 
produced  by  ignition  and  combustion  of  a  quantity  of  air  which  has  detached  itself  from  the  upper 
regions,  but  rather  they  are  heavenly  bodies  which  fall  or  are  cast  down  in  consequence  of  an 
intermission  or  irregularity  of  the  force  of  rotation  and  are  precipitated  not  only  on  inhabited  countries. 


THE   LEOXID    R.\DI.\NT. 

The  meteors  recorded  on  the  star-map  above  were  observed  at  Greenwich  durinc;  the  great  shower 

of  Leonids  which  occurred  on  1866,  November  13.      So  many  meteors  were  seen  on  that  night 

that  there  was  only  time  to  record  the  brighter  ones.     It  will  be  seen  that  all  appeared  to  diverge 

from  the  same  area  in  the  Sickle  of  Leo. 
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but  also  in  greater  numbers,  beyond  these  into  the  great  sea  so  that  they  remain  concealed." 
(Humboldt,  Physical  Description  of  the  Heavens,  1866.) 

It  is  certain  that  though  observational  facts  were  few  and  could  afford  little  help  to  reliable 
conclusions,  yet  some  of  the  ancient  philosophers  had  a  sound  and  far-seeing  judgment  in  interpreting 
correctly  some  of  the  most  marvellous  operations  of  Nature. 

The  great  Meteoric  Stone  which  fell  at  JEgos  Potamoi,  in  468  B.C.,  was  a  grand  phenomenon 
which  much  affected  the  Hellenic  races  and  directed  their  philosophers  to  a  closer  study  of  natural 
events  of  this  character.  The  Meteor  fell  on  the  same  ground  as  that  on  which,  in  406  B.C.,  a  battle 
was  fought  and  won  by  Lysander  over  the  Athenians,  and  this  defeat  marked  the  end  of  the 
Peloponnesian  War. 

Schmidt,  Baden-Powell,  Herrick,  A.  S.  Herschel,  and  many  others  maintained  the  work  of  the 
earlier  pioneers  and  continued  to  accumulate  observations  and  discuss  phenomena.  But  researches 
were  rendered  difficult  by  the  transitory  nature  of  the  objects  and  the  necessarily  hurried  and 

imperfect  observations  obtained  of  them. 

There  are  comparatively  few  astronomers, 
either  professional  or  amateur,  who  cultivate  the 
meteoric  branch.  They  evidently  do  not  regard 
it  as  an  attractive  study.  In  any  case,  it  does 
not  appeal  to  them  sufficiently  to  enlist  their 
practical  sympathies,  and  so  it  has  been  com- 
paratively neglected  in  recent  years.  A  few 
ardent  observers  have,  it  is  true,  continued  to 
devote  themselves  to  the  subject,  and  two 
English  ladies.  Miss  A.  Grace  Cook  and  the  late 
Mrs.  Fiammetta  Wilson,  endeavoiu-ed  to  arouse 
more  enthusiasm  in  this  field  of  work  both  by 
practical  example  and  advice,  and  it  is  hoped 
that  this  department  may  ultimately  profit  to 
the  extent  it  so  well  deserves. 

There  is  no  question  that  the  study  of 
Meteors  and  their  various  phenomena  offers  the 
prospect  of  important  discoveries  and  striking 
developments  in  the  extent  of  our  knowledge 
in  the  immediate  future.  Much  has  already  been 
accomplished,  but  much  more  remains  to  be  done. 
It  may  be  correctly  described  as  a  young  section 
of  astronomical  enquiry,  for  its  suitable  investi- 
gation has  been  proceeding  for  less  than  a  century.  The  pioneers  in  this  branch  adopted  the  best 
method  of  recording  Meteors  and  initiated  the  derivation  of  their  radiant  points,  for  it  was  soon  recog- 
nised that  the  luminous  flights  of  these  objects  were  not  all  discursive  and  at  random  in  the  firmament, 
but  that  they  had  certain  definite  centres  of  divergence.  Thus,  the  Meteors  which  had  long  been 
known  to  fall  abundantly  in  the  fiirst  half  of  August  were  seen  to  emanate  from  Perseus ;  in  other 
words,  their  paths  if  carried  back  in  the  same  line  of  direction,  intersected  in  Perseus.  Similarly,  the 
very  pleatiful  displays  of  Meteors  which  had  been  witnessed  in  the  second  week  of  November  were 
observed  to  have  a  community  of  origin,  the  focus  of  their  radiation  being  in  the  Sickle  of  Leo. 

Heis  and  Schmidt  determined  a  number  of  these  radiant  points  and  found  they  were  very 

numerously   scattered  over   the   celestial   vault,  though   mostly   produced  by  showers   of  feeble 

character.      The  systems  of  August  and  November  were  evidently  of  very  special  richness  and 

character  among  the  host  which  indicated  their  presence  at  all  seasons  and  in  every  part  of  the  heavens. 

As  Heis  and  others  of  his  time  brought  the  awakening  dawn  into  this  branch  of  Astronomy,  so 


PATHS  OF  JIETEORS  FROM  ONE  "  RADIANT." 
As  each  meteor  is  observed  its  path  is  drawn  on  a  chart  of 
special  type,  like  that  shown  above.  The  tracks  thus  marked 
are  then  produced  in  a  backward  direction  and  are,  in  the 
case  of  a  definite  "  shower,"  found  to  intersect  in  one  small 
area,  known  as  the  "  radiant  point." 
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may  Schiaparelli  and  his  contemporaries  a  generation  later  be  said  to  have  introduced  that  greater 
illumination  of  the  subject,  which  has  preceded  the  fuller  light  to  be  finally  expected  from  present 
and  future  investigations. 

The  following  is  a  list  of  a  few  of  the  chief  Meteoric  displays  of  the  year  : — 


The  figures  in  column  3  under  the  Greek  letters  a  and  S  denote  the  Right  Ascension  and  Declination 
(which  are  analogous  on  a  map  of  the  sky  to  latitude  and  longitude  on  a  map  of  the  Earth)  of  the  point 
in  the  sky  from  which  the  Meteors  appear  to  radiate. 

Nearly  all  the  Meteors  that  enter  the  Earth's  atmosphere  arc  dissipated  by  volatihsation  at  the 
high  temperature  attained.  But  very  occasionally  one  survives,  as  already  stated,  and  gets  right 
through  the  obstructing  air  strata  to  alight  upon  the 
ground.  It  does  not  reach  it  with  the  same  planetary 
speed  it  originally  had,  but  with  greatly  reduced  velocity 
due  to  atmospheric  resistance,  etc.  Its  final  descent  is 
made  at  a  speed  scarcely  exceeding  that  of  a  terrestrial 
body  falling  from  a  height.  In  fact,  when  spent  Meteors 
usually  reach  the  Earth  their  directions  are  nearly  or 
quite  perjjendicular,  and  the  motion  is  reduced  to  400  or 
500  feet  per  second. 

In  the  cases  of  several  falls,  the  objects  penetrated 
the  soil  to  only  twelve  or  eighteen  inches,  and  it  was 
possible  to  calculate  their  speed  prior  to  alighting. 

The    Meteorites   which   have   fallen   in   the    United . 
Kingdom  during  the  last  130  years,  and  are  thoroughly 
well-attested,  include  the  following  :  — 

.56  lbs. 
■1}  lbs. 
1  lb.  2  ozs. 


1795  (December  12) 
1830  (February  13) 
1835  (August  4)      ... 
1876  (April  26) 
1880  (March  14)      ... 
1902  (September  13) 
1914  (October  13)   ... 
1917  (December  3)... 


Wold  Cottage 

Taunton 

Aldsworth 

Rowton 

Middlesbrough 


7f  lbs. 
^  lbs. 
9i  lbs. 


I 


Crumlin,  Ireland 

.\ppley  Bridge,  Wigan  33  lbs. 

Perth,  Scotland         ...  38  lbs. 

(4  pieces). 
From  these  figures  the  average  rate  of  fall  would  appear 
to  be  about  one  in  every  sixteen  years,  but  the  period 
is  not  long  enough  to  yield  a  reliable  deduction. 


THIv  ORBIT  OF  THlv  l.ICONIDS. 
This  diaKfani  shows  the  relations  of  the  Leonid 
orbit  to  those  of  the  F.arth  and  other  planets. 
It  was  shown  by  Schiaparelli  and  others  that  the 
Comet  diseovered  by  Tenipel  in  \S6'>  moved  round 
the   Sun   in    the   same   path   as   the  I^eonids. 
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It  is  obvious  that  a  great  many  Meteorites  must  descend  upon  our  globe  (either  on  land  or  sea) 
without  being  observed  at  all.  By  far  the  greater  area  of  the  Earth  is  covered  with  water,  and  much 
of  the  land  portion  is  sparsely  inhabited,  so  that  falling  bodies  would  generally  elude  notice.  People 
show  a  disposition  to  congregate  in  towns  and  leave  vast  tracks  mere  "  country-side." 

These  bodies  are  described  according  to  their  chief  composition,  viz. :  Stone  =  Aerolites ; 
Iron  =  Siderites  ;  Iron  and  Stone  ~  Siderolites.  The  all-iron  Meteorites  are  rare  and  not  many 
instances  are  known.    The  Rowton  Meteorite,  of  April,  1876,  was  of  iron,  and  reckoned  as  only  the 

seventh  example  ever  seen  to  fall. 

Such  of  the  Meteors  as  reach  the  Eaith  are 
ot  low  velocity  and  belong  to  streams  over- 
taking our  globe.  They  usually  have  long 
horizontal  flights.  The  swifter  class  of  Meteors 
are  dissipated  in  the  higher  atmosphere,  so  that 
fragments  of  the  August  Perseids  or  November 
Leonids  have  never  fallen  to  the  ground.  The 
very  slow  Meteors  (the  Andromedids  of 
November)  appear  to  have  yielded  only  one 
certain  instance  (November  27,  1885). 

Notwithstanding  the  great  number  of  Comets 
and  of  Meteoric  Systenis  observed,  there  are 
not  many  striking  and  thoroughly  proven 
instances  of  identity  or  accordance.  There  are, 
however,  a  fair  number  where  the  facts  suggest, 
if  they  do  not  prove,  absolute  agreement,  and 
in  the  table  of  twenty  on  page  440  the  abbre- 
viation 

"  x"  means  accurate  or  accepted  agreement, 

while 
"  p  "  refers  to  probable  or  possible  ones. 
E.xcept  in  one  instance  the  observations  were 
made  at  Bristol. 

In  former  times,  when  little  was  certainly 
known  about  Meteoric  phenomena,  and  when 
incorrect  views  prevailed  as  to  their  meaning 
and  influences,  it  is  not  surprising  that  people 
were  often  alarmed  at  unexpected  visitations  of 
fireballs,  or  falHng  meteoric  stones,  or  metal. 
One  of  the  ancient  Emperors  had  a  sword  forged 
out  of  a  mass  of  meteoric  iron  which  fell  in  his 
dominions,  and  this  was  regarded  as  a  sacred 
and  infallible  weapon  of  defence.  It  is  con- 
sidered probable  by  many  that  the  "  image 
that  fell  down  from  Jupiter,"  worshipped  in 
the  temple  of  Diana  at  Ephesus,  was  in  reality 
a  large  Meteorite.  In  the  Seventh  Century  a  stone  fell  which  was  built  into  the  north-east  corner 
of  the  Kaaba  at  !Mecca,  and  afterwards  worshipped  by  the  ^Moslems.  One  of  the  most  remarkable 
incidents  of  this  nature  occurred  at  Ensisheini,  in  Alsace,  on  November  16,  1492,  at  noonday, 
when  a  Meteorite  of  260  lbs.  weight  fell  with  loud  detonations  like  thunder. 


PHOTOGRAPH  OF  A  LEONID. 
This  meteor,  photographed  on  1901,  November  14,  was  a 
member  of  the  famous  Leoni^swarm.  It  was  travelling  almost 
directly  towards  the  camera  ;  hence  the  apparent  shortness  of 
its  path.  The  interruption  of  the  latter  shows  that  the  meteor 
was  less  bright  in  the  middle  than  at  the  beginning  and  end  of 
its  flight.     It  was  moving  from  left  to  right. 


Pholo  by.  [ir.  J.  S.  Lockyer. 

PHOTOGRAPH  OF  A  BRIGHT  METEOR. 
This  is  one  of  the  finest  phulosrajjhs  of  a  meteor  ever  secured,  and  was  taken  at  Sidniouth  on  1922,  November  16.  The  camera 
used  was  pointed  towards  the  Celestial  Pole  and  the  plate  was  exixised  for  two  hours  fourteen  minutes.  During  this  time 
the  rotation  of  the  Earth  caused  the  stars  to  leave  curved  trails,  with  their  centres  at  the  Pole.  The  short  bright  trail  just 
above  this  central  point  is  that  of  I'olaris.  It  will  be  noted  that  the  meteor  was  subject  to  marked  fluctuations  of  brightness 
at  different  portions  of  its  path.    It  is  believed  to  have  origuiated  from  a  radiant  in  Taurus. 
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Dnaing  by\ 


[\V.    I'.   Denning. 

THE    DRIFT    OF   A   iUJTEOR   TRAIL. 

On  1909,  February  22,  at  7.33  p.m.,  a  brilliant  meteor  passed  in  a  south-west  direction  over  the  northern  coast  of  France. 

The  luminous  trail  which  it  left  in  its  wake  persisted  as  a  visible  object  for  over  two  hours,  <  luring  which  time  it  drifted  in  a 

north-west  direction  at  120  miles  an  hour,  under  the  influence  of  a  violent  wind  in  the  upper  atmosphere.    Our  illustration 

shows  the  position  and  shape  of  the  trail  at  intervals  of  ten  niiimtes. 


Accordances  in  Cometary  and  Meteoric  Radiants. 


Comet. 


Date  of  Nearest 
Approach. 


Computed 
Radiant. 


Observed 
Radiant. 


Dates  ol  Meteors. 


8 

a          8 

p  1746    

Feb.  25-Mar.  8 

33°  +  33° 

33°  +  36° 

T  1847  I 

April  11 

231°  -f  27° 

231°  +  27° 

A  1861     

April  20 

270i°+  33° 

271°  +  33° 

A  Halley 

May  4 

337°       0° 

337°  -    2° 

P  1618  III 

June  10 

273°       0° 

273°  -     1° 

P  1781  I 

June  14 

338°  +  57° 

335°  +  57° 

P  1850  I 

.  ■  June  23 

313°  +  C0° 

312°  +  61° 

A  1921,  Pons-Winnccke 

June  25 

219°  +  55° 

228°  +  54° 

p  Brooks             

June  28 

15°  +  29° 

16°  +  30° 

1822  III.         

June  30 

342°  -f  11°\ 

P  1770  II 

July  13 

349°  +  12°/ 

343°  +  12° 

p  Lexell 

July  8 

276°  -  21J° 

282°  -  24° 

P  Morehouse 

July  5 

4J°-t-28° 

3°  +  27° 

p  Denning          

.\ugust  4 

303°  -  10° 

303°  -  10° 

A  1862  III 

August  10 

44°  -f  57° 

44°  -1-  57' 

P  1871     

August  20 

3°  -f  47° 

6°  -f  46° 

P  Daniel              

Sept.  12 

347°  +    3° 

346°  +    2° 

Feb.  20-Mar.  1  (16  meteors). 
April  13  (Schiaparelli  and  Zeziol\). 
April  20-21.     Many  Lyrids. 
.\pril  30-May  6.    Many  Aquarids. 
May  26-June  13  (14  meteors). 
June  10-28,  1887  (16  meteors). 
June  5-23  (17  meteors). 
June  28,  1921  (7  meteors). 
July  1-30  (24  meteors). 

July  9-13,  1921   (21  meteors). 

June  8-29  (14  meteors). 
July  6-17  (15  meteors). 
July  21-August  6  (51  meteors). 
August  10-12.     Many  Perseids. 
.\ugust  20-25  (14  meteors). 
Sept.  8-17  (26  meteors). 
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Accordances  in  Cometary  and  Meteoric  Radiants — cont. 


Comet. 

Date  of  Nearest 
Approach. 

Computed 
Radiant. 

Observed 
Radiant. 

Dates  of  Meteors. 

p     961     

1580     

Sept.  13.  27 
Oct.  16 

a          8 
62°  -  13°  "1 
61°  -  17° J 

a          8 

61°  -  11° 

Oct. 

23-Nov.  4   (7  meteors). 

P  1842  11 

Oct.  21 

81°  +  57° 

78°  +  57° 

Oct. 

14-20  (35  meteors). 

p  1739     

Oct.  22 

157°  +  39° 

155°  +  40° 

Oct. 

16-22  (18  meteors). 

p  1582     

Nov.  9 

89°  +  36J° 

86°  +  34° 

Nov 

9-12  (33  meteors). 

A  Tempel            

Nov.  13 

150i°+23i° 

150°  +  23° 

Nov. 

11-15.     Many  Leonids. 

P  1784  I 

Nov.  20 

146i°-18° 

148°  -  12° 

Nov 

13-15.     (Suspected.) 

A  Biela 

Nov.  27 

25°  +  42i° 

25°  +  43° 

Nov 

27,  1872-85.  ManyAndromedids. 

p  Perrine 

Nov.  29 

298°  +  26° 

302°  +  24° 

Dec. 

1-9,   1917   (12  meteors). 

p  Pons                

Dec.  6 

200°  +  68i° 

204°  +  69°, 

Dec. 

8,  1884  (18  meteors). 

p  Mechain-Tuttle 

Dec.  20-21 

220°  +  76° 

218°  +  76° 

Dec. 

21   (7  meteors). 

In  addition  to  showers  of  Falling 
Stars,  there  are  showers  of  Stony 
Meteorites.  These  occurrences  represent 
the  break  up  of  a  large  Meteor,  and  its 
distribution  (when  it  falls)  over  a  con- 
siderable area.  But  occasionally  it  may 
well  represent  a  cluster  of  Meteors,  for 
these  bodies  sometimes  travel  in  multiple 
fashion  and  when  disintegrating  may 
throw  their  unconsumed  fragments  over 
an  elliptical  region  having  nearly  the 
same  line  of  direction.  .  . 

On  April  26,  1803,  at  L'Aigle,  France, 
between  2,000  and  3,000  stones  fell  and 
created  consternation  among  the  in- 
habitants of  the  district.  On  May  22, 
1808,  at  Stanwern,  Austria,  about  200 
stones  descended,  but  this  was  trifling  to 
certain  other  experiences. 

On  January  30,  1868,  at  Pultusk,  in 
Poland,  and  again  on  February  3,  1^82, 
at  Mocs,  Hungary,  about  100,000  small 
stones  fell.  As  recently  as  July  19,  1912, 
a  cloud  of  about  14,000  stones  fell  in 
Arizona. 

The  surprising  nature  of  these  novel 
events  may  well  be  imagined,  for  people 
are  not  prepared  for  and  rarely  under- 
stand the  meaning  of  such  strange  and 
starthng  visitations.  On  December  17, 
1917,  a  Meteorite  fell  at  Perth,  Scotland, 
after  breaking  into  four  pieces,  with  a 
thunderlike  noise,  and  this  represents  a 
similar  event,  though  on  a  more  limited 
scale,  to  those  previously  narrated. 


Pliolo  by 


Barnard. 


PHOTOGRAPH  OF  .\  5IETEOR  IN  FLIGHT. 
Photography  gives  an  accurate  idea  not  only  of  the  apparent  position 
of  a  meteor's  path  in  the  sky,  but  also  of  the  relative  brilliance  of  the 
Ixxly  at  various  stages  in  its  flight.  In  the  photograph  above  the 
waxing  and  wiuiing  of  the  meteor's  brightness  is  cleaily  shown,  and 
also  two  short  revivals  of  incandescence  at  the  end  of  the  path,  near 
the  top  of  the  picture. 
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Drawing  bv\ 

A    "  CORKSCREW  "    JIETKOR   TRAII,. 

This  trail,  left  by  a  bright  meteor  on  1910,  July  26,  persisted  long  enough  to  allow  of  its  exammation  with  a  large  telescope. 
It  was  then  found  to  be  of  "helical,  or  "  corkscrew  "  structure,  a  quarter  of  a  degree  in  thickness  and  composed  of  "  waves  " 
one  degree  long.  Many  meteors  describe  paths  of  this  kind  owing  to  the  action  of  atmospheric  resistance  on  their  irregular 
shapes.  The  same  thing  happens  to  artillery  shells  and  is  known  in  ballistics  as  "  precession."  Only  a  smooth  spherical  shell 
or  meteor  would  travel  in  a  perfectly  straight  path  without  rotation. 

A  large  Meteor,  when  rushing  through  the  air,  is  heated  to  such  an  extent  that  it  bursts  with  a 
loud  detonation  and  then  occasionally  strews  the  countryside  with  its  parti}'  consumed  debris. 

Falling  stars  exhibit  great  diversity  in  many  respects.  Some  remarkable  instances  of  the  largest 
kind,  known  as  Fireballs,  have  been  recorded  ;  and  a  few  of  the  most  noteworthy  may  be  summarised, 
as  follows  : —     - 

Real  Paths  of  Notable  Fireballs. 


Year. 


1676 
1719 
1783 
.1850 
18f.<) 
1868 
1868 
1868 
1869 
1877 
1889 
1894 
1894 

18'.h; 


Mar.  31 
Mar.  19 
Aug.  18 
Feb.  11 
'July  21 
Sept.  5 
Oct.  7 
Nov.  3 
Nov.  6 
Nov.  23 
May  22 
Feb.  8 
Jan.  25 
Feb.  in 


8 
8 
i) 

io 

2 
9 

11 
3 
6 
8 

10 
0 

10 
i1 


5  p.m 
15  p.m 
15  p.m.  I 

4A  p.m 
44  a.m. 
10  p.m. 
50  p.m. 
17  p.m. 
50  p.m. 
24  p.m. 

8  p.m. 
28  noon 

1  p.m. 
30  a.m. 


Height. 
Began.     Ended. 


Path.    IV'elocitv.      Radiant  Point. 


No. 


! 

Miles. 

Miles. 

.  ^ 

; 

J 

174 

138 

» 

80 

'60 

© 

60 

57 

>  D 

84 

19 

>  i 

100 

53 

— 

103 

67 

® 

100 

32 

© 

70 

25 

>  J 

90 

27 

>  r> 

96 

14 

v 

50 

58 

— 

80 

20 

J 

89 

16 

Miles. 

250 
175 

1,100 
130 

1,000 
880 
99 
77- 
170 
133 
292 

160 


Miles 
per  sec. 

2i 

5 
23 
12 
10 
38 
14 
26 
35 
17i 
14 

18 


>  D 


20 


215=  +  17^ 

1 

295=  +  45° 

2 

120'  +  35°  S 

3 

37°  +  34° 

4 

161°  +  16° 

5 

18°  -    8° 

6 

330=  +  20° 

7 

220'  +  16°  S 

8 

62=  +  37° 

9 

62=  +  21°  D 

10 

63'  +  35' 

11 

Hercules  S 

12 

331    +  55'  D 

13 

SD 

14 
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Real-  PAths  of  Notable  Fireballs — cont. 


Year. 

Date. 

G.M.T. 

■ 
Mag. 

Height. 
Began.     Ended. 

Path. 

Velocity. 

Radiant  Point. 

No. 

. 

■ 

Miles.       Miles. 

Miles. 

MUes 
per  sec. 

a           S 

1900 

Jan.     0 

2 

55  p.m 

>  D 

"59            33 

174 

— 

280°  -  12'   S 

15 

1902 

Aug.  22 

2 

2  a.m. 

5 

65             33 

611 

15 

283°   -  10J° 

16 

1909 

Feb.  22 

7 

33  p.m. 

i) 

56              50 

155 

25 

190=  +  20= 

17 

1911 

Feb.  19 

9 

22  p.m. 

a 

70             49 

590 

14 

46=  -  15  = 

18 

1914 

Feb.    9 

— 

— 

42 

— 

5,500 

8 

Pegasus 

19 

1914 

Oct.  13 

8 

46  p.m. 

>  J 

29 

0 

49 

8 

348=  +3=      D 

20 

1917 

Dec.    3 

1 

15  p.m. 

>  t 

64 

0 

86 

— 

302=  +24=  SD 

21 

1922 

Feb.     7 

3 

55  p.m. 

>  » 

56 

32 

82 

14 

60=  -  11=   SD 

22 

5 — Corrected  for  zenithal  attraction  radiant  is  at  148°  +  3°;  ("  zenithal  attracttsh  "  refers  to  the  amount 
of  displacement  of  the  radiant  due  to  the  earth's  attraction). 
10 — The  detonation  equalled  the  noise  of  a  hundred  100-ton  guns  (Tupman).  i 

14 — ^The  streak  remained  visible  five  and  a  half  hours.  S 

17 — Streak  remained  two  hours  and  drifted  to  X.\V.  120  miles  per  hoiir. 
19 — A  swarm  of  large  Meteors,  Path  5,500  miles  and  the  longest  ever  known  ;   flight  parkllel  to  Earth's  surface 

over  nearly  all  this  track. 
20  and  21— Fell  to  the  earth.  '  _     . 

In  column  four  >  means  "  brighter  than,"    4;  the  Sun,    ))   the  Moon  ;    11   Jupiter. 
"  S  "  in  the  ninth  column  means  "  in  sunshine  "  ;  "  D  "  that  the  fireball  detonated. 


The  largest  kinds  of  Fireballs  constitute  one  of  the  grandest  splendours  of  the  heavens,  liven 
in  the  day-time,  when  sunshine  dominates  sky  and  Earth,  a  Fireball  may  suddenly  come  out  of  the 
blue  with  a  brilliant  flash-  ending  its  glories  and  a  thunderlike  detonation  following  to  signify  the 
disruption  and 
destruction  of  the 
object.  At  night, 
when  there  is  no 
Moon  and  the 
heavens  are  thick- 
ly studded  with 
stars,  then  the 
Fireball  may  dis- 
play its  striking 
illumination  of 
sky  and  land- 
scape, and  startle 
the  spectator 
with  the  vivid- 
ness of  its  inten- 
sity. Sometimes 
there  are  several 
flashes,  due  to 
unequal  ignition, 
for  at  certain 
points  along 
the  streaming 
flight   the  object 


JUvTHOD  OK  PHOTOGRAPHING  JIIiTEORS. 
The  securing  of  meteoric  photographs  is  largely  a  matter  of  chance,  as  it  is  impossible  to  be  certain 
when  and  where  a  bright  meteor  will  appear.  When  a  shower  is  expected  a  number  of  cameras 
with  rapid  lenses  mav  be  set  up  to  point  in  slightly  different  directions,  to  cover  a  large  area  of  the 
sky.  The  observer  sits  close  at  hand  and  records  the  time  and  rough  position  of  any  bright  meteor 
seen,  and  it  can  afterwards  be  identified  on  the  photographic  plate. 
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A   MKTEOR   TRAII,. 

Very  bright  meteors  leave  luminous  trails  in  the  path  of   their  flight,  and  these  in  some 

cases   persist   for  some  time  before   fading  into  invisibility.       The  trails  are  generally 

faintest  at  their  edges,  which  are  the  first  parts  to  disappear,  causing  an  apparent  narrowing 

as  in  the  three  stages  shown  above. 


blazes  up  and  leaves 
brighter  sections  in  the 
train  where  the  outbursts 
occurred. 

These  Fireballs  should 
be  always  recorded  in  de- 
tail, and  particularly  their 
apparent  paths  in  the  fir- 
mament ;  for  if  the  data 
are  immediately  avail- 
able for  the  computation  of 
the  height  and  direction  it 
may  be  easily  possible  to 
indicate  the  place  of  fall  and 
thus,  in  cases  where  the 
object  reached  the  Earth, 
enable  a  search  to  be  made. 
In  the  instance  of  the 
Yorkshire  Meteorite  of  Oc- 
tober 13,  1914,  the  locality 
of  its  probable  descent  was 
indicated  by  the  present 
\\Titer,  and  the  object  was  accidentally  discovered  at   the  spot  predicted. 

Autumn  nights  are  often  prolific  in  these  luminous  appearances,  but  they  come  at  all  times,  and 
are  sometimes  so  brilliant  as  to  shine  in  the  day-time,  and  to  offer  a  momentary  splendour  almost 
equal  to  if  not  exceeding  that  of  the  Sun.  But  we  cannot  foretell  the  times  of  their  individual 
apparitions.  They  burst  out  suddenly  ;  it  may  be  in  the  twilight  of  early  evening,  in  the  glare  of 
moonlight,  or  with  fog  or  thin  cloud  partly  veiling  the  stars,  but  best  of  all,  of  course,  they  are 

displayed  in  a  clear,  moon- 
less sky. 

When  a  bright  falling 
star  is  seen,  the  observer 
should  endeavour  to  notice 
its  chief  features  and  its 
e.xact  place  amongst  the 
stars.  If  he  is  unac- 
quainted with  the  constel- 
lations, he  should  estimate 
the  bearings  of  the  begin- 
ning and  end  points,  and 
give  the  altitudes  as  nearly 
as  possible  ;  he  should  also 
note  the  d«ration  of  flight. 
In  the  event  of  a  train  or 
streak  remaining  after  the 
head  has  vanished,  it 
should  be  carefully  watched 
and  the  extent  and  direc- 
tion of  its  drift  amongst  the 
stars  ascertained  as  exactly 


A   DISTORTED   TRAII,. 

When  a  meteor  trail  is  bright  enough  to  persist  for  several  minutes  it  is  often  observed  to 

'drift  slowly  from  its  original  position  and  to  become  bent  or  twisted  in  outline.   This  is  the 

result  of  currents  of  wind  in  the  higher  parts  of  the  Earth's  atmosphere.    The  two  sketches 

above  were  made  ten  minutes  apart. 
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as  possible.  These  meteoric  trains  and  streaks  furnish  valuable  evidence  on  the  air  currents  operating 
in  the  upper  strata  of  the  atmosphere.  The  trains  are  usually  between  fifty  and  sixty-five  miles  above 
the  Earth's  surface,  and  are  often  carried  along  at  a  velocity  of  about  120  miles  per  hour.  Not  infre- 
quently they  continue  visible  during  several  minutes,  and  in  e.xceptional  cases  remain  for  much  longer 
periods.    The  glowing  residue  of 

a  fine  Meteor  which  appeared  on     '  '  "  " 

February  22,  1909,  remained  in 
view  for  two  hours,  and  drifted 

in  a  north-west  direction  at  a  ^ 

hurricane  rate. 

Careful  observations  of  Me- 
teors and  Falling  Stars  are  valu- 
able, and  likely  to  increase  our 
knowledge  of  a  very  interesting 
branch  of  Astronomy.  These 
bodies  forming,  as  it  were,  the 
dust  of  the  universe  and  the 
messengers  from  distant  space, 
may  be  regarded  as  the  con- 
necting links  between  our  Earth 
and  other  planetary  worlds.  As 
such,  therefore,  they  deserve 
our  sympathetic  interest,  while 
their  transient  glories  exhibited 
in  the  sky  must  always  awaken 
keen  appreciation. 

There  may  be  a  night  With- 
out a  visible  Moon,  but  there  is 
never  a  night  without  a  Falling 
Star  unless,  indeed,  the  firma- 
ment is  veiled  with  clouds. 
Unceasingly  they  are  showered 
into  the  Earth's  atmosphere, 
and  it  is  fortunate  that  it  has 
the  power  to  destroy  them 
nearly  all. 

Only  those  who  have  occu- 
pied themselves  considerably  in 
the  work  can  realise  the  attrac- 
tiveness of  Meteoric  observa- 
tion. Others  who  are  fresh  to 
the  study  and  lacking  experi- 
ence can  hardly  appreciate  the 
pleasure  which  the  habitual  ob- 
server feels  in  its  pursuit.  A 
man  who  gazes  at  the  stars 
occasionally  and  sees  Meteors  falling  amongst  the  constellations  in  an  indiscriminate  fashion 
cannot  properly  record  the  picture  and  must  fail  to  comprehend  its  meaning.  One  however  who 
has  acquired  a  knowledge  of  the  subject  can  interpret  the  details  and  read  something  of  the  story 
of  nearly  every  Meteor  that  falls.     He  can  tell  the  particular  shower  to  which  it  belongs,  and  can 


[/.  H.  Shepstone, 

A  STONY   METEORITE. 

Many  meteorites  are  not  mainly  metallic  in  composition,  but  contain  large  quantities 

of  silicates,  and  other  stony  substances.     They  are  less  heavy,  bulk  fer  bulk,  than 

the  metallic  meteorites  and  have  a  rougher  surface.     They  are  sometimes  referred 

to  as  "  uranoliths,"  to  distinguish  them  from  the  iron  meteorites. 
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THK   OTUMPA   METEORITE. 
This    is  an   example  of  a  meteorite  '  whose  substance  is  mainly  metallic.     The  surface  is 
comparatively  smooth  and    shiny,  and  of  a  dark  blackish-brown  colour.     Meteorites  which, 
like  the  one  alx>ve,  are  composed  very  largely  of  iron,  are  termed  "  siderolites."     The  one 

above  weighs  1,400  lbs. 

of  awaiting  and  seeing  the  Meteors 
is  accentuated  by  this  circumstance. 
Having  perhaps  viewed  the  Comets 
themselves  we  naturally  feel  curious  to 
see  their  offspring  in  the  Meteors.  In 
fact,  our  knowledge  of  a  little  of  their 
life  history  intensifies  the  attractions 
they  visibly  present  to  the  eye.  It  is 
like  a  person  who  looks  up  to  the  stars 
and  can  recognise  the  constellations  and 
call  the  chief  stars  by  their  names.  His 
acquaintance  with  them  makes  him  rc- 
regard  them  as  old  friends,  and  thus 
the  contemplation  of  the  familiar  face 
of  the  heavens  often  brings  him  an 
impressive  satisfaction. 

Meteoric  Radiants  and  Comets. — 
Several  mathematicians  have  investi- 
gated the  ecliptical  Meteoric  radiants  and 
found  that  they  may  be  of  lengthy  dura- 
tion with  little  apparent  change  in  the 
radiant  points.    This  is  what  observation 


locate  its  radiant  point 
from  its  duration  of 
flight  and  aspect. ,  He 
can  pretty  correctly 
estimate  the  height  of 
the  object  and  perhaps 
knows,  and  may  have 
seen,  the  parent  Cotnet 
from  which  it  had  its 
origin. 

To  witness  a  show- 
er of  shooting  stars  is 
more  interesting  when 
the  observer  knows  the 
Comet  which  supplies 
it.  This  is,  however, 
not  always  possible. 
The  great  displays  of 
.\ugust  and  November 
are  connected  with  and 
directly  occasioned  by 
well-known  Comets. 
There  are  also  May  and 
June  showers  derived 
from  the  Comets  of 
Halley  and  Pons-Win- 
necke,  and  the  pleasure 


[K.  A.  S. 

RADIANT   OF   METEORS,    JUI,Y    27-29. 
A  radiant  is  less  easily  determined  if  placed  so  low  in  the  sky  that  its 
meteors  caii  only  be  seen  on  one  side  of  it.    The  apparent  shortness  of 
meteoric  paths  near  to  the  radiant  point  is  an  effect  of  foreshortening, 
since  these  meteors  are  coming  almost  direcUy  towards  us.     This  is 

better  shown  in  some  of  the  other  diagrams. 
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iK.  A.  S. 
RADIANT  OF  lUiTEORS,  AUGUST  21-23. 
The  arrow-headed  lines  represent  the  lengths,  positions,  and  directions 
of  the  paths  of  meteors  as  actually  seen  in  the  sky.  Slight  errors  of 
observation  are  inevitable,  but  the  radiant  point  can  be  fixed  with 
considerable  accuracy  if  a  sufficiently  large  number  of  meteors  is 
observed. 


had  already  proved,  and  there  is  no  doubt 
that  certain  long  continued  showers  dir- 
ected from  positions  on  or  near  the  eclip- 
tic can  be  identified  with  Comets  whose 
orbits  lie  comparatively  near  that  of  the 
Earth. 

Lexell's  Comet  of  1770,  or  its  debris 
(for  the  Comet  seems  to  have  ceased  to  be 
visible),  showers  Meteors  from  a  radiant 
at  about  282°-25°  in  June,  July,  and 
August.  Denning 's  Comet  of  1881,  yields 
Meteors  at  end  of  July  and  first  half  of 
August  from  303°-10°.  In  the  latter  case 
the  computed  distance  between  the 
cometary  orbit  and  the  Earth  is  rather 
considerable  (6"1  =  10  millions  of  miles), 
but  this  does  not  vitiate  the  accordance, 
as  the  cometary  material  may  be  distri- 
buted over  a  considerable  space. 

Daniel's  Comet  of  1907,  whose  orbit 
is  within  about  six  and  a  half  millions  of 
miles  of.  the  Earth  on  September  12, 
appears  to  have  originated  the  shower  of 

bright  Meteors  from  347°  +  2°,  which  is  visible  from  about  August  25  to  September  27.    Zanoth's 

Comet  of  1739  has  yielded  the  Meteors  from  154°  +  40°  often  observed  during  last  half  of  October  and 

onwards  through  November  and  first  half  of  December.     Other  cases  might  be  cited  but  no  useful 

purpose  would  be  served  by  unduly  multipljdng  the  evidence  ;  suffice  it  that  the  writer  is  preparing  a 

table  wherein  will  be  exhibited  a  number  of  comparisons  suggestive  of  close  relationship  between 

certain  cometic  and  meteoric  orbits.    This 

is  a  highly  interesting  section  of  Meteoric 

Astronomy  and  has  not  been  sufficiently 

cultivated  and  investigated  since  the  late 

Professor  A.  S.  Herschel  devoted  himself 

to  its  study. 

It  is  much  to  be  hoped  that  recruits 

will    be    forthcoming    not    only    for    the 

theoretical  investigation   of    the    various 

problems  presented  by  meteors,  but  also 

for  their  practical  observation.   Additional 

workers    are    greatly   needed   in    various 

departments  of  Astronomy,  but  in  none 

more  so  than  in  this  branch.    And  here  is 

a    field   in  which,  without   incurring  the 

expense  of  costly  apparatus,  work  of  high 

value  may  be  accomplished,    all   that    is 

required  being  a  good  view  of  the  sky,  the 

ability  to  make  accurate  observations,  and 

such  a  measure  of  patience  and  enthusiasm 

as  will  enable  the  observer  to  maintain  his 

vigils  through  the  long  hours  of  the  night. 


[R.  A.  S. 

RADIANT   OF  METEORS,    OCTOBER    15. 

The  paths  of  meteors  are  best  recorded  on  charts  drawn  (like  the  one 

above)   on   the   "  gnomonic  "   projection.     On  such  charts  all  lines 

observetl  as  straight  iu  the  heavens  are  still  straight,  in  spite  of  being 

now  seen  on  a  flat  surface. 
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